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Atria are now a standard feature of shopping centres and 
commercial buildings. Yet little is known about the thermal 
performance of large glazed spaces, where factors such as the level of 
thermal stratification and the maximum temperatures which can occur 
are important. This thesis provides case study monitoring results of a 
two storey atrium, where the thermal stratification in the atrium and 
outside weather conditions were measured with respect to time. Also 
presented is a model to predict the thermal performance of atria by 
utilising an existing building energy simulation program and the theory 
of natural ventilation in enclosures.
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A = Surface area (m2)
ACH = Air change per hour ( lr1)
Al = Effective area per unit length (m)
bn = Transfer function coefficient
cd = Discharge coefficient of a building
C n = Transfer function coefficient
CLF = Cooling Load Factor
CLTD = Cooling Load Temperature Difference
Cp = Specific heat capacity of air (J/kg°C)
dn = Transfer function coefficient
g = Acceleration due to gravity (m2/s)
h = Interface height (m)
H ^ 5 Distance from centre of door to centre of fan in 
atrium (m)
Hd = Height of door (m)
h0 = Coefficient of heat transfer by long wave radiation 
and convection at the outer surface (W/m2.°C)
INPUT = Input rating from lights (watts)
It = Total solar radiation incident on the surface (W/m2)
Lat.H.G. = Latent Heat Gain
I / S d a = Dehumidified air (litres/sec)
n = Summation index
AP = Stack Pressure (Pa)
Po = Outside Pressure (Pa)
P oz = Outside pressure at height z (Pa)
Ps = Stack Pressure (Pa)
Pz = Internal pressure at height z (Pa)
Q = Flow rate of air (m3/s)
C|et S Heat gain by the space through indoor surfaces of 
a roof or a wall using transfer functions (watts)
C| inf = Heat loss or gain through infiltration (watts)
Qpt = Heat gain through interior partitions using transfer 
functions (watts)
CJsol = Heat gain from solar radiation (watts)
C|tran = Heat loss or gain through transmission (watts)
VI I
AR Difference between the long wave radiation incident 
on the surface from the sky and surroundings and the 
radiation emitted by a blackbody at outdoor air 
temperatures (W/m2)
RSH = Room Sensible Heat (watts)
"̂bottom = Temperature of bottom layer in two-zone model (°C)
tb.x-nA = Temperature in adjoining space at time x-nA (°C)
TD = Temperature Difference (°C)
AT = Air temperature difference between the top and 
bottom layers of an interface (°C)
te = Sol-air Temperature (°C)
te.x-nA = Sol-air temperature at time x-nA (°C)
Text = Absolute external temperature (K)
T int = Absolute internal temperature (K)
Tin = Fully mixed internal temperature of atrium (OC)
to = Outdoor Air Temperature (°C)
Toutside = Outside temperature (°C)
Toffice space = Temperature of surrounding office spaces (°C)
T r m = Temperature of room (OC)
tre = Constant indoor air temperature (°C)
T s a = Temperature of supply air (°C)
Ttop = Temperature of top layer in two-zone model (°C)
Ttop = Temperature of top layer of two-zone model (°C)
Tzo = Temperature at height Z0 (K)
U = Overall heat transfer coefficient (W/m2.K)
V = Volume of space (m3)
w d = Width of door (m)
W = Strength of point source (watts)
Symbols Used in Fortran Program
A Effective Area(m2)
AB = Partition wall area of bottom floor (m2)
ACHRM = Air change rate from adjacent rooms (h-1)
ACHOS = Air change rate from outside (h-1)




























Heat capacity of air multiplied by density of 
a ir
Temperature difference between top and bottom layers 
using initial value of point source strength (°C) 
Temperature difference between top and bottom layers 
after each iteration (°C)
Distance from midpoint of door to midpoint of fan
(m)
Interface height (m)
Flow rate of air at the top of the atrium to adjacent 
rooms (m3/s)
Flow rate of air at the bottom of the atrium to 
adjacent rooms (m3/s)
Flow rate of air at the top of the atrium to 
outside (m3/s)
Flow rate of air at the bottom of the atrium to 
outside (m3/s)
Distance from midpoint of door to midpoint of fan
(m )
Interface height (m)
Heat loss by transmission through glass (watts)
Heat loss by infiltration with adjacent rooms (watts) 
Heat loss by infiltration from outside (watts)
Heat loss by transmission through partition walls 
(watts)
Sum of QT,QINR,QINO,QGLS 
QTOT + W (kW)
Temperature of bottom layer (°C)
Temperature of outside environment (°C)
Iterated values of the top layer temperature (°C) 
Temperature of surrounding office space (°C)
U-value of glass (W/m2)
U-value of partition (W/m2)
Volume of bottom floor (m3)
Volume of top floor (m3)
Strength of point source (kW)
IX
Greek Symbols
a = Absorptance of the surface for solar radiation
e = Hemispherical emittance of the surface
P density of air (kg/m3)
Ap = Change in density through an opening.
Po = Density of air at 273K = 1.293 kg/m3
P = mean density
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GLOSSARY OF TERMS
ATRIUM Large glazed (glass) space in a 
building.
ALTITUDE ANGLE Angle between the horizontal plane 
and the direction of the sun's beam.
AZIMUTHANGLE Angle between the North direction and 
the sun's beam in the horizontal plane.
BEAM RADIATION Radiation coming directly from the 
sun with no change of direction.
COOLING LOAD The energy required to cool a building 
to a design temperature and humidity.
CONVECTION The transport of heat by fluid flow
CONVECTION, FORCED Convection caused by mechanical 
means
CONVECTION, NATURAL(FREE) Convection of a fluid due to density 
differences caused by a change of 
temperature.
INFILTRATION Uncontrolled movement of air through 
cracks and small openings in the 
building
INSOLATION The amount of radiation received from 
the sun.
THERMAL STRATIFICATION The existence of different 
temperature layers in a building.
xv
VENTILATION, NATURAL Exchange of air between the building 
and its environment through designed 







An atrium can be defined as a large glazed (glass) space in a 
building. Atria have become very popular since the 1970's and are now 
often seen as part of building complexes. When designed correctly, atria 
can increase the energy efficiency of the complex, increase the useable 
space and provide visual relief from the interior of the building.
At present, computer programs such as ESPII and TEMPER are 
available to predict the thermal performance of building complexes. 
However, these programs cannot examine buildings with large glazed 
spaces accurately. This is due to a lack of actual measurable data and 
an algorithm to predict the thermal performance of atria.
Air in an atrium thermally stratifies when insolation is present, 
i.e. it separates into different temperature layers, with the warmest 
air at the top and the coolest at the bottom. Thermal stratification may 
lead to high temperatures in the atrium due to high solar gains through 
the glass. This would cause great discomfort to the occupants of the 
building. Problems can also occur when trying to design a natural 
ventilation system, for it can be shown that thermal stratification 
slightly changes the pressure available to drive a flow of air through a 
space. The high temperatures which occur significantly increase the 
cooling load of a complex, which means that it is difficult to size an 
air-conditioning plant to condition the spaces surrounding the atrium if 
the magnitude of the thermal stratification in the atrium is not known. 
Therefore the aims of this thesis were to:
a) Provide thermal performance data of atria through experiments.
b) Develop a theoretical model to predict the amount of thermal 
stratification that occurs in atria. This model can then be 
validated by the experimental results.
To realise the above aims, the atrium at the lllawarra Technology 
Corporation (ITC) Building situated in the University of Wollongong was 
used as a case study. The ultimate aim was to develop a model which 
can be incorporated into existing building energy simulation programs, 
so that the thermal performance of buildings with large glazed spaces 
can be determined accurately.
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Chapter 2 gives a brief overview of atria and describes what an 
atrium is and the different atrium designs which are available. The 
results of a literature survey are described in Chapter 3 where past 
attempts at studying the thermal performance of atria are described, as 
well as literature which investigates natural ventilation and natural 
convection. An example of a computer simulation of atrium performance 
is also given. Chapter 4 explains some of the background theory 
required to understand the thesis topic. The physical dimensions of the 
case study atrium situated in the lllawarra Technology Corporation 
Building are thoroughly examined in Chapter 5. In Chapter 6, a 
description of the experiments carried out and the corresponding 
results are given. Chapter 7 deals with the theoretical model 
developed to predict the thermal performance of atria. This was done by 
using an existing building energy simulation program to model the 
atrium and studying the effects of natural ventilation. Both the 
experimental and theoretical results are presented in Chapter 8. A 
discussion of the results is held in Chapter 9. Chapter 10 provides a 





2 A BRIEF OVERVIEW OF ATRIA
2.1 What is an atrium?
As mentioned before, atria are large glazed spaces in buildings. 
They are usually not occupied permanently. Instead the space around the 
atrium is occupied, being used as offices, shops, etc. The atrium acts 
mainly as a circulation space with access to all the other parts of the 
building, although the atrium can provide useable space when required 
(Fig. 2.1). An example is when the space is used as an exhibition or 
performance area [1]. Atria are often nofair-conditioned because solar 
gains through the glass can be very high. Therefore, natural ventilation 
should be incorporated into the design to ensure thermal comfort.
glass area
Fig 2.1 : Cross section of an Atrium.
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2.2 Design of Atrium Buildings
Atrium buildings can take many forms. Designs can range from the 
simple forms (Fig. 2.2) to more complex forms (Fig. 2.3) [2]. The ITC 
building is an example of the four-sided atrium.
The type of thermal design of an atrium depends on the outside 
environment. Three main types of design exist [2].
2.2.1 Warming atrium
This atrium allows sun to enter freely into the atrium space and are 
for countries with a severe winter, cool springs and autumns, and a 
short summer.
2.2.2 Convertible atrium
This works as a warming atrium in winter but prevents 
overheating in summer. They are suitable for countries with a cold 
winter and a hot summer.
2.2.3 Cooling atrium
This atrium acts as a shading device and stores cool air. It is suit* 
countries where there are high air temperatures, high humidity and high 
insolation.
6
Fig 2.2: Simple Forms of Atria [2]
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At present there is little published data regarding the study of 
atria thermal performance, although much literature has been written 
concerning the efficiency of atria for energy and daylighting purposes 
(examples are Saxon [2] and Degelman et al [3]). This literature survey 
is concerned with studies of atria thermal performance through 
experiments and theoretical analysis.
Four topic areas were considered for the literature survey. The 
first section examines previous efforts at collecting thermal 
performance and air movement data in atria. In order to develop a 
theoretical model to predict the thermal stratification in an atrium, 
the theory of natural convection and natural ventilation in an atrium 
must be investigated. Therefore the second and third sections of the 
literature survey studies the principles of natural convection and 
natural ventilation. The fourth section investigates a thermal model of 
an atrium using computer simulation.
3.1 Collection of Thermal Performance and Air 
Movement Data in Atria
Landsberg et al [4] provides an analysis to determine the range of 
design strategies needed to produce an energy efficient atrium. Four 
existing atrium spaces were used as case studies and field-monitored. 
The following variables were considered:
a) Indoor/Outdoor dry bulb temperatures.
b) Insolation.
c) Atrium pressure differences.
d) Atrium light levels.
e) Building system variables e.g. supply and return air temperatures, 
fan power consumption and fan status.
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The atria were then modelled by inputs of experimental data into 
an energy analysis program. From the analysis, Landsberg was able to 
suggest which parameters in the atrium design have to be considered in 
order to optimise the energy efficiency. Fig. 3.1 shows the type of field 
monitoring trends which were obtained for a small office atrium, in 
Albany, New York.
ATRIUM TEMPERATURE STRATIFICATION 
SMALL OFFICE ALBANY. N.Y. 
JUNE 25. 1984
ATRIUM AHU TEMPERATURES 
SMALL OFFICE ALBANY. N.Y. 
JUNE 25. 1984
HORIZONTAL SOLAR RADIATION 
SMALL OFFICE ALBANY. N.Y. 
JUNE 25, 1984
ATRIUM TEMPERATURES 
SMALL OFFICE ALBANY. N.Y. 
JUNE 25. 19ß4
Fig 3.1: Atrium Field Monitoring Trends [4]
Jacobsen [5] presents the air exchange rate and thermal climate 
data for a glazed complex. The air exchange rate was measured using a 
step down tracer gas method. Results indicated that infiltration from 
outside gave an adequate ventilation rate in the atrium. The author 
notes that the results were relevant only for that building under certain 
conditions. Jacobsen stresses that more data is required for different 
buildings, with a broader range of temperature differences between 
outside and inside and outside wind speeds.
Thermal climate in the atrium for both winter and summer 
conditions was measured. The temperatures were recorded over a period 
of time to generate results such as Fig. 3.2.
ELA 1 9 8 7  — 0 7 —1 4 —1 4 : 0 0  -  0 7 - 1 8 - 2 4 : 0 0
TIME /  HOUR /
-------  1 .7  m  -------  13 m  ABOVE FLOOR
Fig 3.2: Recorded Air Temperatures in an Atrium at 
Two Levels in July [5]
The air exchange rate and thermal climate measurements were 
then compared to simulation models. The simulation program used was 
the "Thermal Analysis Research Program- TARP". This program is very 
advanced for energy analysis in buildings but uses one temperature to 
represent the temperature in a room.
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The comparison between the simulated results and experimental 
results can be seen in Fig. 3.3
EL*  1 9 8 8 - 0 7 - 1 8  0 0 : 0 0 - 2 4 : 0 0
1 .7 .  5 AND 8 m
TIME /  HOUR /
*■— 13 m  ABOVE FLOOR SIMULATED
Fig 3.3: Measured Air Temperatures at Different 
Levels in the Atrium Compared to a 
Simulated Temperature [5]
The simulated temperature approximates the average value in the 
atrium but gives no indication of the temperature at different levels.
The author concludes that the "one air-temperature" model does 
not represent the thermal climate in an atrium. He suggests the use of a 
two-zone model to represent the temperature stratification.
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3.2 Natural (Free) Convection in an Enclosure
Convection may be defined as the transport of heat by fluid flow. 
In natural convection, the fluid motion is caused by buoyancy forces. 
The buoyancy force is the result of a body force field (in our case it is 
gravity) acting on the density differences (which are caused by 
temperature gradients) in the fluid [6].
An example of free convection which we are concerned with is the 
free convection caused by a heated vertical plate (Fig. 3.4)




This section is referenced from [8].
Natural ventilation is defined as the flow of fluid between a space 
and its external environment, where the flow is produced by naturally 
occurring pressure differences.
Linden et al [8] present the fluid mechanics of natural ventilation 
which occur in buildings because of internal heat sources. The heat 
source causes a temperature difference between the building and 
outside air, which in turn produces a pressure difference. Hence a 
ventilation flow of air occurs.
Laboratory models as well as mathematical models to investigate 
the features of natural ventilation are given. The effects of different 
types of heat sources (point, line and vertically distributed) are shown.
Two forms of natural ventilation are studied (See Fig. 3.5):
3.3.1 Mixing Ventilation
This occurs when cool, fresh air is added to the top of a space. The 
air descends and mixes, producing a nearly uniform temperature in the 
space.
3.3.2 Displacement Ventilation
This occurs when cool air is allowed into the bottom of the space 
while warm air is allowed to escape through the top. As a result, a 








Fig 3.5: Two Types of Natural Ventilation [8]
a) Displacement Ventilation
b) Mixing Ventilation
Linden et al found that the spatial distribution of temperature in 
enclosures was dependent only on the distribution of the heat sources 
and not their strength. On the other hand, the magnitude of the 
temperature does depend on the strength of the heat source.
Displacement ventilation gave the greatest flow rate and was 
deemed the most suitable method for ventilating large areas in 
buildings.
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3.4 Case Study of Thermal Modelling an Atrium 
Through Computer Simulation
McLean [9] of Abacus Simulations Limited explains a case study 
which involves thermal modelling of an atrium in Central London. Fig. 
3.6 shows a 3-dimensional view of the atrium interior. The atrium was 
divided into zones (Fig. 3.7). The computer-projected temperature 
profile of the atrium during the day at different times were presented 
(Fig. 3.8 and Fig. 3.9). It can be seen that although the computer 
simulation gives an indication of the temperatures which can occur in 
the atrium, it can't predict the magnitudes of thermal stratification. 
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This is the pressure difference which naturally occurs between 
the interior and exterior of a building. The pressure difference can be 
considered as the stack pressure available to cause a natural flow of 
air.
The effect occurs due to differences in temperature, and hence air 
density, between outside and inside. As a result, different pressure 
gradients occur for the internal and external air masses, resulting in a 
pressure difference which varies with height.
It can be shown that the pressure gradient is inversely 
proportional to the absolute temperature of the air mass [10].
. dP 1
ie - dz a T
Hence, a building with top and bottom openings and a temperature 










Fig 4.1 : Stack induced pressure between two 
vertically placed openings
As can be seen from Fig. 4.1 the pressure decreases as height 
increases for both the exterior and interior, but the external pressure 
gradient is steeper due to the lower temperature. This causes a 
pressure difference between inside and outside at the level of the 
openings (Fig. 4.1(b)).
A movement of air occurs when the internal air temperature is 
higher than the external temperature (as shown in Fig 4.1(a)), air enters 
through the lower opening (since Pmtemai <  P e x te rn a i) and leaves 
through the higher opening (since Pmtemai >  Pexternai).
The direction of air flow is reversed when the internal air 
temperature is lower than outside air temperature, ie Tj < T0.
Clearly, the stack pressure is dependent on the internal 
temperature of the building. It can be shown that the stack effect is 
reduced when thermal stratification in a building is considered, as 
compared to assuming a uniform temperature distribution. Therefore, 
designers must take into account the reduction in pressure available to 
drive the ventilation flow when sizing the ventilation openings.
2 2
Appendix A shows a sample calculation comparing the stack 
pressure available for a space when stratification is considered and 
when the space is treated as fully mixed. In both cases, the space has 
the same mean temperature difference between outside and inside.
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4.2 ASHRAE Method for calculating the Air­
Conditioning Cooling Load in a Building
4.2.1 General Procedure to calculate cooling load
The general procedure for calculating a space cooling load is
outlined in the ASHRAE (American Society of Heating, Refrigerating and
Air-Conditioning Engineers) Fundamentals Handbook [11].
i) Obtain the characteristics of the building. Factors such as 
building materials, size, shape and external surface colours must 
be determined.
ii)  The building location, orientation and external shading must be 
considered.
i i i)  Use the appropriate weather data and specify the outdoor design 
conditions.
iv) Select the indoor design conditions. This includes factors such as 
indoor dry bulb temperature and humidity.
v) Determine the schedule of lighting, occupants, internal equipment, 
appliances and processes in the building. All will contribute to the 
internal load.
v i) Choose the time to do the cooling load calculation. This includes 
the month, day, and particular hours during the day.
v ii) Calculate the space cooling load at design conditions.
To calculate the space cooling load at Step 7, different 
components which contribute to the cooling load must be considered. 
Table 4.1 shows the load source components and the equations to 
calculate them. The following sections will describe some of the 
fundamental concepts required to calculate the different cooling load 
components.
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Solar q=A.SC.SHGF.CLF SC=Shading Coefficient 











q=INPUT.CLF INPUT=lnput rating 
from lights
People
Sensible qs=No. x Sens.H.G. X CLF No.=number of people 
Sens.H.G.=Sensible 
Heat Gain from each 
person.









Ventilation and L/s of vent, and infil.
Infiltration Air a ir
Sensible qs=1.232.L/S.AT AT=inside-outside 
air temp, difference
Latent qi=3012.L/s.AW AW=inside-outside 
air humidity ratio 
difference
Table 4.1:Load Source Components and Equations. 
4.2.2 Sol-Air Temperature
This concept is used to calculate the heat gain through exterior 
roofs, walls and glass areas. Sol-air temperature is the fictitious 
outdoor air temperature which in the absence of all radiation exchanges 
gives the same rate of heat entry into the exterior surface as actually 
occurs by solar radiation and convection. The sol-air temperature is 
given by the equation:
t© =  to +  a l t / h o  - e A R / h 0
Where t© = Sol-air Temperature(°C)
to = Outdoor Air Temperature(°C)
a = Absorptance of the surface for solar radiation
It — Total solar radiation incident on the surface 
(W/m2)
h0 Coefficient of heat transfer by long wave 
radiation and convection at the outer surface 
(W/m2.°C)
e = Hemispherical emittance of the surface
AR Difference between the long wave radiation 
incident on the surface from the sky and 
surroundings and the radiation emitted by a 
blackbody at outdoor air temperatures (W/m2)
It can be seen that the sol-air temperature depends on outdoor
temperature as well as the intensity of solar radiation.
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4.2.3 Cooling Load Temperature Difference (CLTD)
This value is derived from the sol-air temperature. It represents 
the temperature difference which occurs in the total heat flow through 
the structure caused by the variable solar radiation and outdoor 
temperature. It must take into account the different types of exposures 
and construction, time of day, location of building and design 
conditions. Analogue computer calculations of CLTD values for certain 
conditions are tabulated in the Carrier Manual [13]. They must be 
corrected if specific conditions are required.
4.2.4 Cooling Load Factors
The actual cooling load in a building is generally considerably 
below the peak total instantaneous heat gain. This may be due to 
several reasons:
a) Storage of heat in the building.
b) Peak of individual loads occur at different times(diversity).
c) Stratification.
Radiant energy is not an instantaneous cooling load. Radiant 
energy first heats up the building fabric to above air temperature, heat 
is then convected from the surfaces and finally becomes a load on the 
cooling system. Therefore, a Cooling Load Factor (CLF) must be used to 
account for the time-lag which occurs before the heat is transferred to 
the air by convection. CLF's are used when calculating solar gains and 
internal gains from people, lights and appliances. Fig 4.2 shows a 
typical graph which compares the instantaneous solar heat gain and the 
actual cooling load on a building with a certain exposure and 
construction. It can be seen that there is a reduction in peak heat gain 





CLF = a = peak
Fig 4.2: Graph of instantaneous heat gain and 
actual cooling load
CLF's are tabulated in the Carrier Manual. The tables 
developed from a series of tests in actual buildings.
were
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4.3  Methodology and Equations for Hour-by-hour 
Load Calculations
To calculate the exact space cooling load is a laborious process. 
Energy balance equations which involve space air, surrounding walls and 
windows, infiltration and ventilation air and internal sources must be 
solved simultaneously.
To simplify the calculation process the transfer function concept, 
which uses room thermal response factors, has been introduced. This is 
widely used in building simulation programs such as ESPII. The 
procedure calculates room surface temperatures and cooling load by 
solving the energy balance equations for different types of 
construction. In each case the heat gain through solar, conduction, 
lighting, equipment and occupants are modelled as pulses of unit 
strength. Transfer functions are then calculated for the different 
constructions. These transfer functions are numerical constants which 
represent the cooling load corresponding to the input excitation pulses. 
They are then assumed to be independent of input pulses. This means 
that for these typical constructions, the cooling load can be determined 
by multiplication of the transfer functions by a time series 
representation of heat gain and then summation of the products. The 
same transfer function concept can be used to calculate the heat gain 
components, as shown below.
4.3.1 Heat gain through exterior walls and roofs using 
transfer functions
The heat gain through a roof or wall is:
det-A ^  bn(te,x-nA) “ dp
n=0
t r c  X c n
n=0n=1
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A = Indoor surface area of a roof or wall (m2)
qet = Heat gain by the space through indoor surfaces of 
a roof or a wall (watts)
X = Time (hours)
A = Time interval (hours)
n = Summation index
t e , x - n A = Sol-air temperature at time x-nA (°C)
t r  c = Constant indoor air temperature (°C)
b n , C n , d n = Transfer function coefficients
4.3.2 Heat gain through interior partitions, ceilings and 
floors using transfer functions
The heat gain through a partition between a conditioned space and 
adjacent space of different temperature is given by:
qet=A X  bn(tbt-nA) 
n=0
dnqpt-nAA t r c  X  cn 
n=0
qPt = Heat gain through interior partitions
(watts)
t b , x - n A  = Temperature in adjoining space at time
x-nA (°C)
4.3.3 Heat gain from solar radiation, heat sources 
within conditioned space and ventilation and 
infiltration air
No information is given in the ASHRAE method for calculating 
these heat gains using transfer functions. They are calculated by using 
the equations shown in Table 4.1.
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ESPII is a computer package which helps designers estimate the 
amount of energy consumed in a building. The ESPII package comprises 
five programs which interact with each other. Files are generated as 
each program is run. These are then used as inputs for the other 






Fig. 4.3 shows a flow chart which summarises the programs and 
files which ESPII uses.
4.4  Energy Simulation Computer Program-ESPII
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H O U R L Y  S Y S T E M S  
R EPORT
Fig 4.3: Flowchart of ESPII indicating file
extensions and sub-directories [12]
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4.4.1 Description of ESPII Programs
a) WEATHER
This produces a user specified site weather file. The file contains 
psychrometric, wind, solar and sun position data for every hour of the 
year at the location specified by the user.
b) RESPONSE
Produces a file of response factors (or transfer function 
coefficients) for the specified external wall and roof constructions.
c) ESPEDIT
Performs validation and editing of the user input files for LOADS 
and SYSTEMS. It produces an edited file of data which is then used by 
the two programs. Any mistakes entered in the user input files will be 
shown in error reports.
d) LOADS
Calculates the transient hourly heat flow of a structure and the 
space response factors for each space. It takes into account the 
building thermal storage, operational schedule and hourly data.
In LOAD calculations, an assumption is made that the temperature 
of each space remains constant throughout the study period.
It should be noted that the values produced from the LOADS 
program are not design loads for fresh air quantities are not entered in 
the LOADS program and an air-conditioning plant has not been specified.
e) SYSTEMS
Determines the building’s energy consumption and equipment 
performance by simulating the building's heating, ventilating and air­
conditioning plant.
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4.4.2 Methodology for Calculation of Thermal Loads in a 
Space
ESPII does not evaluate exactly the space heating or cooling load, 
Instead it uses the simplification process outlined in Section 4.3. The 
LOADS program calculates the heating and cooling loads of each space 
based on weighting factors applied to the instantaneous heat gains over 
a period of time. This produces a time-series representation of heat 
gain or loss. This is then input into SYSTEMS which adjusts each load by 
considering the space response factor (or transfer function) of each 
space. For a detailed description of the ESPII program, one should 





5 CASE STUDY- ILLAWARRWA TECHNOLOGY 
CORPORATION BUILDING
The thermal performance of a two-storey atrium was studied. The 
atrium chosen was the situated in the lllawarra Technology Corporation 
(ITC) Building at the University of Wollongong. A three dimensional 
view of the atrium is shown in Fig.5.1. The atrium itself is not air- 





Fig.5.1: 3-Dimensional View of Case Study Atrium
3 6
Figs.5.2 and 5.3 show the plan view of the top and bottom floors of 
the atrium. The diagrams give an indication of the number of doors 
connecting the atrium to the adjacent offices.
15700
14600
Dimensions in mm 
Not to scale






Dimensions in mm 
Not to scale
Fig 5.3 Plan view of the Bottom Floor of the
Atrium
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Fig 5.4: Top Floor of Atrium
Fig 5.5 Glass Area in Atrium
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5.1 Openings to the Atrium
Two large extraction fans are located at the top of the roof. Fans 
are also situated on the second floor (Fig.5.6). Both sets of fans are 
never used in practice because they generate excessive noise.
Fig 5.6: Location of fans in the atrium.
The specifications and dimensions of the fans are as follows:
a) Fans on Atrium Roof
Woods Roof Unit 




Fan RPM 1420 













A door also connects the atrium to the outside. Its dimensions are 







Fig 5.7: Dimensions of the Sliding Door in the ITC
Roof details of the ITC are shown in Fig 5.8 and Fig 5.9. Note that 
all dimensions are in mm.
41
Hatched area denotes 




Hole through which 
air can escape.
An extraction fan 
is located here.
VIEW
Fig 5.8: ITC Roof Details
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LOUVRE DETAILS
Fig 5.9: ITC Louvre Details
Fig 5.10: Atrium Roof Showing Extraction Fan and 
Glass Areas
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5.2 To Calculate the Effective Area of the Atrium 
Openings
In the Linden et al Displacement Model [8] the effective area of a 
box is given as:
(a 1a 2)
A* =
f o a f / c + a j ) 1 ' 2]
l  )








Fig 5.11: Linden et al Simple Box Model
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To calculate the effective area of the atrium, the area of the 
louvres, hole and cowling space must first be determined.
a4
_ a3 _ 
_ a2 _
ai
Fig 5.12: Atrium effective area
Where ai area of door
a2 = area of louvres
a3 = area of hole
a4 — area of cowling
a) LOUVRES
There are 11 individual louvres on each side of the atrium (Fig.
5.13).
x
Fig 5.13: Louvre areas in the ITC
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To fin d  the  d is tan ce  be tw een each ind iv idua l louvre:
1625 
1 2 = 135mm





Fig 5.14: Louvre dimensions and size of openings
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therefore, x= 2 x 467.7 = 935.2
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The other ten sections were treated in a similar manner and the 
results were tabulated (Table 5.1).
Louvre Length x (mm) Length z (mm) Area(m2)
1 468 50 0.02338
2 935 50 0.04677
3 1403 50 0.07015
4 1871 50 0.0935
5 2339 50 0.1169
6 2806 50 0.1403
7 3274 50 0.164
8 3742 50 0.1871
9 4209 50 0.21
10 4677 50 0.234
1 1 5145 50 0.257
Table 5.1: Tabulated Louvre Areas
Therefore TOTAL AREA = 1.543m2
b) HOLE
Diameter of hole = 0.6m 
Area = tc/4 d2 = rc/4(0.6)2 = 0.283m2
c) COWLING SPACE
Area through which air can escape:
(0.85 x 4) x 0.125 = 0.425 m2
d) DOOR (Assumed to be always open)
Area= 2.1 x 1.83 = 3.843m2
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From Linden et al, the flow rate Q is given by the equation:
Q =
f g A p A h A





















+ 2 2 
^2a2
2 2 
c 3 a 3
-, 1/2
2 2
C 4 a 4
ci=discharge coefficient of door 
C2=discharge coefficient of louvres 
C3=discharge coefficient of hole 
C4=discharge coefficient of cowling
ai=area of door 
a2 =area of louvres 




A sensitivity analysis was conducted to determine how sensitive 
the value of effective area was to different values of discharge 
coefficients. This was because the discharge coefficients of the 
various geometries were not known.
Let C-) = C 2= C 3= C 4=  1
ai=3.843m2
a2=1.543 x 2 (Two sets of louvres) = 3.1m2 
a3=0.283 x 2 -  0.566m2 





f  1¿3.8432 + 13.12 + 10.5662 _ J ___V+ 0.852J 1 / 2
=0.6539m2
Table 5.2 shows the results of a sensitivity analysis performed on 
the effective area by varying the discharge coefficient values
a i a 2 a 3 a 4 C1 c 2 c 3 c 4 A*
3.843 3.1 0.566 0.85 1 1 1 1 0.654
3.843 3.1 0.566 0.85 0.5 1 1 1 0.640
3.843 3.1 0.566 0.85 1 0.5 1 1 0.633
3.843 3.1 0.566 0.85 1 1 0.5 1 0.377
3.843 3.1 0.566 0.85 1 1 1 0.5 0.476
where a ia 2 ,a3,a4, and A* are in m2
Table 5.2: Tabulated Results of Sensitivity
Analysis
It can be seen that c3, the discharge coefficient of the hole, 
changed the effective area most significantly.
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5.3 Calculation of Irradiated Surface Areas in the 
ITC Atrium.
In order to determine the irradiated surfaces, the solar altitude 
and solar azimuth angles at the location of the atrium must be found. 
The case study day chosen was 20th February because the Carrier 
Manual [13] listed the solar altitude and azimuth angles for that day. 
Definitions of altitude and azimuth angle are shown in Fig 5.15.
Solar Altitude Angle = Angle between the horizontal plane and the
direction of the sun's beam.
Solar Azimuth Angle = Angle between the North direction and the
sun's beam in the horizontal plane.
SUN
Fig 5.15: Definitions of solar altitude and azimuth 
angle.
The altitude and azimuth angles for 30° and 40° south latitude 
were taken from the Carrier Manual [13], Table 20. The angles for 




Latitude(degrees) Altitude Angle Azimuth Angle
30 56 62
34 (Wollongong) 54 58
40 51 51
Fig 5.16: Sun position at 10AM




Fig 5.17: Situation at 10AM showing the angle X
Now, A = Solar Altitude Angle
Tan A = ^
B = Wall Solar Azimuth Angle
_ _ b
Cos B = ^













Three views of the ITC atrium were drawn in order to determine 
the irradiated areas (Fig.5.18). The views consisted of a plan view, a 
view along the east-west axis and a view along the north-south axis. 







Plan view of Atrium at 10AM
5 4
Fig 5.18(b):
END VIEW ALONG 
EAST-WEST AXIS 10AM
End view of Atrium at 10AM
Fig 5.18(c): Side view of Atrium at 10AM
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b)February 20th 12 NOON
L a titu d e Altitude Angle Azimuth Angle
30 71 0
34 (Wollongong) 67 0
40 61 0
At noon the angle X equals the solar altitude angle and only two 




Fig 5.20(a): Plan view of Atrium at 12 NOON
Fig 5.20(b): End view of Atrium at 12 NOON
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c) February 20th 3PM
Latitude Altitude Angle Azimuth Angle
30 44 284
34 (Wollongong) 43 288
40 41 293
Fig 5.21: Sun position at 3PM
At 3pm we have the situation shown in Fig 5.22
sun
Fig 5.22: Situation at 3PM showing the angle X
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0 0 8 7 2 .4 ^
= 71.90




END VIEW ALONG 
EAST-WEST AXIS 3PM
Fig 5.23(b): End view of Atrium at 3PM
SIDE VIEW ALONG 
NORTH-SOUTH AXIS 3PM
Fig 5.23(c): Side view of Atrium at 3PM
6 0
S u m m a ry  o f irrad ia ted  su rfa ces  on 20th F ebruary
WEST NORTH EAST SOUTH
^ ^

















5.4 Verification of Constants Used in FORTRAN 
Program to Model the ITC Atrium using the 
Linden et al Two-Zone Model
a)Tbottom “ "^outside (Assumption) —TB=TO
b) Ttopi (from Linden et al Two Zone Model)= TT(1)










________________  ceiling height=3m
12m
AB= (12 x 3)+(12.9 x 3)+(11.8 x 3)+(12 x 3)= 146.1m2










e) Cp -  Specific heat capacity of air = 1000 J/kg°C
p -  Density of air =1.2 kg/m2
therefore, pCp = 1200
f) U-value of glass = UG Using Horizontal glass (Table 36 of Carrier
Manual [13]). Single glaze. No air thickness.
U = 4.88 W/m20C Summer conditions 
U = 7.95 W/m20C Winter conditions
g) Area of glass = AG
AG = 9.048 x 5.63 = 50.94m2
h) Volume of atrium top VT
VT = (Floor area) x height 
=(13.15 x 14.6) x 3.3 
=633.6m3
i) VB = (16.4 x 12.9) x 3
= 634.7m3
j) U-value of partition = UPAR Using 100mm glass wool, 12mm
plaster board (Carrier Manual Table 
26)






6.1 Collecting Outside Environment Data
The following parameters were measured:
a) Outside temperature.
b) Outside wind speed.
c) Outside wind direction.
d) Outside solar insolation.
The instruments used to measure the outside parameters are 
shown in Table 6.1.
Measured Parameter Instrument Used
Outside Air Temperature Thermocouple Type T (copper- 
constantan)
Outside wind speed Anemometer Rimco CGA-A 480260
Outside wind direction Wind vane Rimco 482400 R/WDU
Outside solar insolation A pyranometer which measured the 
total hemispherical solar radiation 
(beam and diffuse), mounted on a 
horizontal surface
Table 6.1: Instruments used to measure the outside
parameters
The outside conditions were monitored by a Datataker 5 0 ™  
datalogger. Outside temperature, wind speed and insolation values were 
taken at 5 second intervals. The values were then averaged over a 5 min 
period and the average value logged to memory. The value of wind 
direction was recorded instantaneously at 5 min intervals.
The program used to instruct the Datataker 50™  is shown in 
Appendix B. One should refer to the Datataker User Manual for a detailed 
explanation of the commands.
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6.2 Temperatures Within the Atrium Space
Temperatures at different levels in the atrium were measured by 
hanging six thermocouples vertically in the atrium space The 
thermocouples were initially hung from position 1 (Fig.6.1).
Fig 6.1: View along East-West of the atrium
showing the position of the thermocouples.
Results indicated that periodic variation in temperatures occurred 
at each level in the atrium (discussed further in Section 9.1). To 
determine whether the oscillations were caused by the position of the 
thermocouples, they were moved along the N-S axis. Table 6.2 
summarises the movement of the thermocouples. It shows when the 
thermocouples were moved and to which position.
P os itio n Time Position of 
Thermocouples
1 Jan 1991 to 
Aug 8th 1991
Centre of the beam




3 Aug 26th 1991 to 
Dec 1991
Towards southwall
Table 6.2: Movement of Thermocouples
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The thermocouples were in shade when they were near the 
northwall (position 2). This meant that there was no direct beam 
radiation on them. On comparing the results obtained with the 
thermocouples in position 1 and position 2, it was found that there was 
little difference. The periodic oscillations (discussed in section 9.1) 
remained in both cases. So it was deduced that the position of the 





The final location was position 3, adjacent to the southwall. The 
southwall receives most of the beam radiation during the day and 
therefore gets heated the most. So natural convection occurs most 
readily adjacent to this surface. It was decided that position 3 would 
yield the most interesting and useful results because significant 
stratification would occur there.
NOTE: A fire alarm in the form of a beam of light projects across
the roof of the atrium, along the East-West axis. Care should be taken 
when positioning the thermocouples to avoid 'cutting ' the beam as it 
will set the fire alarm off!
The thermocouples used were copper-constantan Type T. Each 
thermocouple was shaded from the sun's radiation by surrounding it 
with a hollow chromium plated steel tube. An 'umbrella' of aluminium 
foil was situated at the top of the tube to ensure that radiative heat 
transfer was minimised but allowing convective heat transfer between 
the thermojunction and the air (Fig 6.3). The reflective properties of 
the foil meant that solar beam radiation did not contribute to the 
temperature measured by the thermocouples. Hence the thermocouples 
only measured the air temperature at different levels in the atrium. Each 
thermocouple was calibrated using an ice/water bath.
um brella of
Fig 6.3: Cross-section of thermocouple shield
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Fig 6.4 : 
Close-Up of 
Chrome Tube
The temperatures within the atrium were read at 5 second 
intervals. Then an average value over 5 mins logged to memory card. The 
data was collected by using the Datataker 500™. Appendix C shows the 
program used to control the datataker.
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6.2.1 Height of Thermocouples
The six thermocouples are numbered one to six. The thermocouple 
heights from January 1991 to July 31st are shown in Fig 6.5 and Table 
6.3. Fig 6.6 and Table 6.4 show the heights from July 31st to December 
1991.
Fig 6.5: Distances between thermocouples 
(January 1991 to July 31st)
7 0







Table 6.3: Distance of thermocouples from
ground (January 1991 to July 31st)
Fig 6.6: Distances between thermocouples 
(July 31st to December 1991)
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Table 6.4: Distance of thermocouples from
ground (July 31st to December 1991)
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6.3 Datataker 50™  and Datataker 5 0 0 ™
The Datataker 5 0 ™  and Datataker 500™ are both data acquisition 
instruments which can monitor and record a large number of physical 
parameters. The Datatakers were programmed using simple English-like 
instructions. This was done via a host computer, which in the present 
study was a Apple Macintosh Series Computer. Communication was 
established between the Datataker and the host via the RS232 standard 
serial interface and 'Red Ryder™' communications software package. 
Procedures for communicating with the datataker and downloading data 
are shown in Appendix D.






Two approaches were taken to thermally model the ITC atrium. 
The first model utilised the Linden et al Two-Zone Displacement Model 
and the second used the ESPII program to simulate the thermal 
performance of the atrium.
7.1 Linden et al Two-Zone Displacement Model
When a source of heat is placed in a space with openings near the 
floor and ceiling, a turbulent plume will rise above the heat source. The 
plume would entrain ambient air and become cooler as it rises. This 
means that a layer of warm air would develop at the top of the space. 
So since there is a temperature difference between the space and 
ambient air, a flow of air through the openings would occur due to the 
stack effect. After a period of time, a steady state situation would be 
reached, with a stationary interface between warm air in the upper 







(2) single point source 
of heat
Fig 7.1: Linden et al Two Zone Displacement Model
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Several deductions can be made:
i) Flow from lower to upper will only be within the rising plume. 
Hence,
Volume flux = Volume flux through = Volume flux
at interface level upper opening through lower
opening
ii)  At steady state,
Heat flux into 




rising plume at 
interface level
Heat flux out through 
upper opening
Temperature of air 
leaving space through 
upper opening
Using the above principles, Linden et al were able to derive 
equations which predicted the interface height and temperature 
difference between the two layers.
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7.2 Linden et al Two-Zone Displacement Model 
applied to the ITC Building
7.2.1 Linden Point Source Model
It was assumed that a single point source of heat existed in the 
atrium. This was a simplification since from Fig 5.24 it can be seen 
that plane sources of heat exist on the floor and walls.
a) Assumptions.
i ) No fabric losses (i.e no heat loss or gain due to 
infiltration or transmission).
ii)  Atrium shaped like box.
i i i )  Doors open at (2) and fans at (1) provide displacement 
ventilation.
iv) Point source of heat in atrium.
v) Steady state
b) Calculations.
Linden states that the interface height between the two zones is a 
geometric quantity that can be found by an expression which relates the 
area of the openings and the height of the space.
A* „ _ /Tl ̂  5/2 ( h V i / 2
l_|2 -  0 04 lHJ l ' HJ
where h = Interface height
H = Distance from centre of door to centre of 
fan = 8.12m
A* = Effective area = 0.6539m (assuming that all 
discharge coefficients = 1)
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th e re fo re
0.6539
(8 . 12)2 0.04





9.917 x 10-3 -  2.129 x 10’4 h 5/2 r (8 .12 - h n
(8 .12)
- 1/ 2
6.0666 x 10-4 h 5/2 
(8.12-h) 1 / 2
Solve by trial and error to obtain:
h = 4.05 m
To find the temperature difference between the top and bottom layers 
(ATd), Linden [2] gives the equation:
ATd= 24 W 2/3 h-5/3
where W(in kW) = Strength of heat source
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7.2.2 Linden Line Source Model
Linden also presents results for a line source of heat in an 
enclosure. The interface height was related to the geometry of the 











where Al = Effective area per unit length and the line source
is across the the floor of the atrium.
The author applied this model to the ITC atrium but it did not give 
a reasonable value of interface height. This may have been due to the 
fact that we do not have a horizontal line source running the full length 
of the atrium.
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7.3 ESPII Thermal Modelling
The strength of the heat source in the Linden et al model had to be 
determined. The heat source was essentially due to solar insolation (if 
we neglect any internal gains). Solar radiation does not contribute 
instantaneously to the atrium air temperature for some of the energy 
will be absorbed by the thermal mass of the building. This must be 
taken into account through the use of a cooling load factor. So the ESPII 
program was used to calculate an appropriate CLF for the ITC atrium on 
a certain case study day.
7.3.1 Weather Data File
The Sydney 1986 weather data file was modified by incorporating 
actual experimental case study day data. The case study days chosen 
were 25th February 1991 in summer and August 29th 1991 in winter. 
Values of insolation, dry bulb temperature and wind speed were changed 
on the Sydney weather data file. Hourly averaged data were entered.
It should be noted that the day used on the Sydney weather data 
file in summer was 20th February and not 25th February. This was 
because 25th February 1986 of the test data was a cloudy day whereas 
20th February was a sunny cloudless day with insolation values similar 
to 25th February 1991. For winter, August 29th in the Sydney weather 
file was used.
7.3.2 LOADS User Input File
The atrium was modelled as a rectangular box with a roof (Fig. 
7.2). The roof had a horizontal glass area through which solar radiation 
could enter. Partitions enclose space 1, which was the space being 
studied. Spaces 1 and 2 were both at the same temperature. It can 
therefore be assumed that space 1 was fully insulated apart from 
transmission losses through the roof and glass. The actual LOADS input 





Fig 7.2: Model of atrium used in LOADS
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7.3.3 SYSTEMS User Input File
The air-conditioning system specified for the atrium is shown in 
Fig. 7.3. Primary system was in the form of a chiller and heater. The 
secondary is a Constant Volume Single Zone Heating and Cooling System. 
Appendix F shows the SYSTEMS input file.
cooling
coil
Fig 7.3: Air-conditioning system specified in 
SYSTEMS
8 2
The amount of supply air (SA) and outside air (OA) required was 
calculated as follows:
a) Supply Air
From Carrier Manual [13] p.122:
Outlet temperature difference =
RSH
1.2 x l/sDA
where Outlet temperature difference -  Trm - Tsa
Trm = Temp of room
Tsa = Temp of supply air
l/sD A = Dehumidified air
RSH = Room Sensible Heat
Assuming that the atrium is at 24°C and that RSH= 40kW:
RSH






The situation was assumed to be the same as Appendix A. The 
mean temperature in the atrium was 35°C and the outside temperature 
was 25°C. This meant that a stack pressure of 3.34 Pa occurs.
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From Uddament [10] the flow rate through a building is given by 
the equation :
where
Q = (2 V /2Cd A* “ AP
Ip J
Q s Flow Rate (m3)
Cd = Discharge Coefficient
A* = Effective Area (m2) = 0.6539 m2
P = Density of air (kg/m3)
AP = Stack Pressure (Pa)
Assume Cd = 1
therefore, Q 0.6539 1.23
-  1.52 m3/s
= 1520 L/s
In terms of air changes per hour:
A/NII 3600 ^
ACH = — r x Q
( 2   ̂
3.34
I  - v  <
1 / 2
V O l






« 4.31 hr -1
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7.3.4 Comparison of Linden et al Two-Zone Displacement 
Model and ESPII Thermal Model
Fig. 7.4 compares the two thermal models:
Top opening
Linden et al Model: Completely insulated
Fig 7.4(a): Linden et al Two-Zone Displacement
Model
ESPII: Not completely insulated. No losses from walls due to 
partitions but losses through roof and glass.
Calculates transient cooling load by incorporating thermal 
storage, building operational schedules and hourly weather data.
Fig 7.4(b): ESPII Thermal Model
8 5
It can be seen that both models simulate the atrium in a similar 
manner. The only inaccuracies are that the ESPII model is not 
completely insulated and uses a fully mixed constant internal 
temperature. Fortunately the transmission losses through the roof and 
glass are small when compared to the heat retained by the insulated 
walls. Therefore the cooling load calculated using the ESPII program 
can be used as the point source of heat in the Linden et al model
7.4 Modification of Linden et al Model To Simulate 
the ITC Atrium
7.4.1 Atrium Heat Loss
Linden et al model was modified by reducing the available heat for 
the point source because the atrium is not fully insulated. This was 
done by considering the heat lost from the atrium due to:
a) Transmission through partition walls.
b) Transmission through glass.
c) Infiltration through adjacent walls/cracks/openings.
d) Infiltration from outside.
The equations used to calculate them are shown below:
a) Transmission through partition walls.
b) Transmission through glass.
Transmission was the heat loss due to a temperature difference 
across an element of the atrium.
The heat loss was given by the equation:
qtran= UA(Tjnside-Toutside)
where U = Overall heat transfer coefficient(W/m2.K)
A = Area over which transmission of heat
occurs(m2)
Tjnside’ Toutside — Temperature difference between outside
and inside
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The U value of the partition wall and the glass was inversely 












Fig 7.5: Cross-section of partition
8 7
c) Infiltration through adjacent walls/cracks/openings.
d) Infiltration from outside.
Infiltration can be defined as the uncontrolled entry of 
unconditioned outside air into a building [14]. It occurs because of 
natural forces and the outside air can influence both the air 
temperature and humidity level in the space. The rate of heat transfer 
was given by the equation:






flow rate of infiltration air (m3/s) 
specific heat capacity of air (J/kg°C) 
indoor air temperature (°C)
outdoor air temperature (°C) 
density of air =1.2 kg/m3
The air flow rate (Q) can be calculated by estimating the air change per 
hour (ACH) in the atrium.
Q s m x V
3600
where ACH = air change per hour 
V = volume of space
To estimate the air change rate which occurred between the atrium and 
the surrounding offices, the following calculations were made.
From Shaw [15], the total volumetric discharge through one half of 





where w d = Width of door
Hi = Height of door
Ap = Change in density through the opening
P = mean density




\  Airflow  
through 
opening
Fig 7,6: Flow rate between the
Office Spaces
Assuming the office spaces were at 24° C
temperature was 32°C •
Hence, T i- 240c  =  297K
T2=32°C =  305K
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= 0.308 m3/s for half a door
Assume 5 doors are open:
Qtotai = (0.308 x 2) x 5 doors
= 3.08 m3/s








3600 _ „  
"  1268.3 X 3 08
= 8.74 hr -1
Similarly, for 4 doors, ACH = 7
3 doors, ACH = 5.24
2 doors, ACH = 3.45
7.4.2 Atrium Heat Gain
The heat gain through glass due to solar radiation was given by 
the equation:
q sol = SHGF x SC x A x CLF
where SHGF = Peak Solar Heat Gain
SC = Shading Coefficient
A = Area of Glass(m2)
CLF = Cooling Load Factor
Note: the value of solar gain was equal to the cooling load evaluated 
from the ESPII SYSTEMS program. For the ESPII program took into 
account the CLF and SC when calculating the cooling load.
Any internal heat gains were assumed to be small and neglected. 
We first assumed that the strength of the point source equals the solar 
gain in the atrium. The strength of the point source was modified by 
subtracting the four heat losses and then iterating for a new value of 
Ttop. During the iteration process, problems with stability were 
encountered. If the heat loss from the atrium was too great, the value 
of the heat source became negative. This meant that the Linden et al 
equation to calculate AT was unsolvable. To combat the problem, 
weighting factors and a better estimation of Ttop were used.
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Fig 7.7: Diagram showing the heat flows which 
occur in the ITC atrium
The iteration process is summarised in a flow chart for which a 
FORTRAN program has been written (Appendix G).
9 2




If A C H R M  =  0 .5  
T ru e
T T (1 ) =  T T  (101 )
T T (1 )  =  T O  +  AT
1
Q TO T(1 ) =  0
D O  1 0 0  J = 1 ,1 0 0
Q T (J ) =  A T *U P A R ‘ (T R -T T (J )) +  A B *U P A R *(T R -T B ))  
Q IN R (J ) =  C P *(F R T R (I)* (T R -T T (J )) +  F R B R (I)*(T R -T B ))  
Q IN O (J )=  C P *(F R T O *(T O -T T (J )) +  FR B O (I)*(TO -TB )) 
Q G L S (J )=  U G *A G *(T  O -T T  ( J))
Q T O T (J + 1 ) =  Q T(J ) +  Q IN R (J ) +  Q IN O (J ) +  Q G LS (J )

Print out tab le  headings
i------ - < ^  D O  6 7 5  1=1,100,10
Print out va lues of Q T (I), 
Q IN R (I), Q IN O (I), Q G L S (I), 
Q T O T (l+ 1 ), Q T O T T (I), 
D T (I), T T (I+ 1 ) after 
every ten iterations
9 6







Continuous results from late September 1991 to early November 
1991 were recorded by the author. Results from January 1991 to 
February April 1991 are also available. Hence it is possible to perform 
statistical analysis of the data if such an approach is required.
Due to space constraints, only a small portion of the experimental 
results are presented. Two case study days are examined, one for 
summer and one for winter. Both are clear, cloudless days. The summer 
day chosen was 25/2/91 and the winter day was 29/8/91.
8.1.1 Case Study Days
Both the ITC temperature data and outside environmental data are 
shown for the two case study days. The following graphs are shown:
ITC Data:
1) Graph of Temperature Profiles
The average recorded temperatures over one hour at the different 
thermocouple heights were calculated. The average temperatures were 
then plotted against height from ground level. This type of presentation 
was developed by the present author and when compared to previous 
presentation methods, gives a much clearer picture of the thermal 
performance of a space.
ITC Data:
2) Graph of Temperature vs Time
Recorded values of ITC temperature at different thermocouple 
heights were plotted against time.
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OUTSIDE Data:
1) Graph of Outside Temperature vs Time
Recorded values of outside temperature were plotted against 
time.
2) Graph of Outside Wind Speed and Direction
A polar plot of outside wind speed and direction was made. The 
values of wind speed represented the radii and the values of wind 
direction represented the angle. The average wind speed over each hour 
and the instantaneous value of wind direction at the end of each hour 
were used.
3) Graph of Outside Insolation vs Time
Recorded values of outside insolation were plotted against time
100
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ITC TEMPERATURE PROFILES for 25/2/91
HEIG H T(m )
2 4 .0 0  2 6 .0 0  2 8 .0 0  3 0 .0 0  3 2 .0 0  3 4 .0 0  3 6 .0 0
TEM PERATURE (C)





TEM PER A TU R E (C)
0 .4 4 m  2 .2 6 m  3 .8 6 m  ^  5 .3 0 m  - » -6 .7 6 m  -àr 8 .2 1 m
DECIM AL TIM E
Fig 8.2: ITC Temperature vs Time For 25/2/91 (summer)
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GRAPH OF OUTSIDE TEMPERATURE VS TIME FOR 25/2/91
TEM PERATURE(C)
1 5
0 2 4 6 8 1 0  1 2  1 4  1 6  1 8
D ECIM A L T IM E
Fig 8.3: Outside Temperature vs Time for 25/2/91 (summer)









Fig 8.4: Outside Wind Speed 
and Direction for 25/2/91 
(summer)
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GRAPH OF OUTSIDE INSOLATION VS TIME FOR 25/2/91
IN S O LA T IO N  (W /M A2)
1200
1000
8 0 0  -
6 0 0  -
4 0 0  —
200  -
0 8 1 0  1 2  1 4  1 6 1 8  2 0  2 2  2 4
DECIM AL T IM E
Fig 8.5: Outside Insolation For 25/2/91 (summer)
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ITC TEMPERATURE PROFILES FOR 29/8/91
H E IG H T  (m)
1 8 .0 0  1 9 .0 0  2 0 .0 0  2 1 .0 0  2 2 .0 0  2 3 .0 0
TEM PER A TU R E (C)
2 4 .0 0  2 5 .0 0  2 6 .0 0  2 7 .0 0
Fig 8.6: ITC Temperature Profiles For 29/8/91 (winter)
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ITC TEMPERATURES 29/8/91
TE M P ER A TU R E (C)
^  1 .0 3 m  -O  2 .4 4 m  +  3 .8 5 m  5 .3 3 m  *  6 .6 4 m  ^  8 .0 4 m
6 .0 0  8 .0 0  1 0 .0 0  1 2 .0 0  1 4 .0 0  1 6 .0 0  1 8 .0 0  2 0 .0 0  2 2 .0 0  2 4 .0 0
DECIM AL T IM E




TE M P ER A TU R E (C)








0 8 1 0  1 2  1 4  1 6  1 8
DECIM AL T IM E
Fig 8.8: Outside Temperature vs Time For 29/8/91 (winter)











Fig 8.9: Outside Wind Speed 
and Direction for 29/8/91 
(winter)
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GRAPH OF INSOLATION VS TIME FOR 29/8/91
IN S O LA TIO N  (W /M A2)
DECIM AL T IM E
Fig 8.10: Outside Insolation vs Time For 29/8/91 (winter)
8.1.2  Temperature Gradients
To investigate the process of thermal stratification 
this was the most useful way of presenting the results, 
graphs of temperature gradients are presented. The study 
encompass both summer and spring days.




ITC TEMPERATURE PROFILES FOR 9/2/91
H E IG H T  (m)
9 .0 0  - r
8.00  —
7 .0 0  —
6.00
5 .0 0  —
4 .0 0  —




2 4 .0 0 2 6 .0 0  2 8 .0 0  3 0 .0 0  3 2 .0 0  3 4 .0 0  3 6 .0 0
TEM PERATURE (C)
Fig. 8.11 : ITC Temperature Profiles For 9/2/91 (summer)
3 8 .0 0
GRAPH OF OUTSIDE INSOLATION VS TIME FOR 9/2/91
IN S O L A T IO N (W /M A2)
Fig 8.12: Outside Insolation For 9/2/91 (summer)
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ITC TEMPERATURE PROFILES FOR 17/10/91
H EIG H T (m)
2 1 .0 0  2 2 .0 0  2 3 .0 0  2 4 .0 0  2 5 .0 0  2 6 .0 0  2 7 .0 0  2 8 .0 0  2 9 .0 0  3 0 .0 0
TEMPERATURE (C)




GRAPH OF OUTSIDE INSOLATION VS TIME FOR 17/10/91
IN SO LA TIO N  (W /M A2)
8.2 Theoretical Results
8.2.1 Cooling Loads in the Atrium Calculated Using ESPII
The cooling load which occurs in the atrium over time was 
investigated for the two case study days. The parameter varied was the 
user specified internal temperature of the atrium (T jn), the temperature 
which the air-conditioning system maintains the space at. This was 
done to determine how the value of Tjn affected the cooling load since it 
was important to determine what value of T jn to use in the LOADS 
program. Tables 8.1 and 8.2 show the cooling loads obtained at different 
times for various internal temperatures compared to the instantaneous 
solar gain. The instantaneous solar gains were obtained from the 
Carrier Manual [13], P.43 based on a glass area of 50.94 m2 and SC of 1 
(reference glass). February 20th was used for the summer day and 
August 24th for the winter day. In both cases, the orientation was 
horizontal and the latitude was 30° South.
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a) SUMMER (25/2/91)









10 8 6 4 32.1
11 17 14 1 1 36.2
12 22 19 17 37.6
13 25 23 20 36.2
14 27 25 23 32.1
15 28 26 23 23.0
16 28 26 24 17.3
17 26 24 21 7.6
18 22 20 18 1.0
19 17 15 13 -
20 14 12 10 -
21 12 10 7 -
22 1 1 9 7 -
23 9 7 5 -
Table 8.1: Cooling loads for summer day using ESPII
(2 5 /2 /9 1 )
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b) WINTER (29/8/91)









10 3 2 1 22.9
11 5 2 1 27.5
12 12 9 6 28.5
13 12 9 6 27.5
14 16 14 1 1 22,9
15 17 15 12 16.3
16 15 13 10 7.9
17 10 8 6 1.0
18 5 3 1
19 4 2 0 -
20 1 0 0 -
21 0 0 0 -
22 0 0 0 -
23 0 0 0 -
Table 8.2: Cooling loads for winter day using ESPII
(2 9 /8 /9 1 )
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8.2.2 Air Temperature in the Atrium which occurs when
there is no Air- Conditioning System to Regulate the 
Air Temperature
ESPII was used to predict the maximum temperature which can 
occur in the atrium when no air-conditioning system was specified. 
This was done by making the chiller capacity equal to a small value 
(1kW) and not specifying a heating system. The objective of this 
exercise was to check whether ESPII was able to predict the maximum 
temperature which can occur in the ITC atrium with the usual "fully 
mixed" zone assumption.
a) SUMMER (25/2/91)
User specified value of T jn = 2 6 ° C
















Table 8.3: Predicted Air Temperatures in the Atrium
for Summer Day (25/2/91)
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a) WINTER (29/8/91)
User specified value of Tjn = 22°C
















Table 8.4: Predicted Air Temperatures in the Atrium 
for Winter Day (29/8/91)
1 2 0
8.2.3 Predicted Temperatures at the Top of the Atrium 
using the Linden et al Two-Zone Model
For each case study day the value of Ttop was found by using the 
Linden et al model. Parameters which were input into the program 
included:
a) Dimensions of the atrium.
b) Outside temperature (acquired from actual experimental data).
c) Strength of the point source in the atrium which was equal to the 
cooling load calculated using ESPII at 1PM. This value was chosen 
because the experimental results showed that the highest 
temperature in the atrium occurred at this time.
d) ACHRM (Air Change Rate with adjacent Rooms or Office Spaces)
This value was varied from ACHRM=0.5 until the program no 
longer converged to a value of Ttop
e) ACHOS (Air Change Rate with Outside)
This was always assumed to be zero. For we were interested in 
the maximum temperature which can occur in the atrium i.e. when 
there was no infiltration to the outside.
Table 8.5 and 8.6 summarises the results. Appendix I shows the 
complete computer-print out results from the Linden model as well as 
the input parameters.
Tin = User specified atrium temperature in ESPII (°C)
Tout = Actual outside temperature from experimental data
(°C)
TT = Predicted temperature of the top layer in the atrium
(°C)
TR = Temperature of surrounding office space (°C)
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a) SUMMER (25/2/91)
TR = 24 OC
T ou t T in W (Watts) ACHRM T T
29 26 25000 0.5 44.4
29 26 25000 1 43.15
29 26 25000 2 40.88
29 26 25000 3 38.90
29 26 25000 4 Does not 
converge
29 28 23000 0.5 43.42
29 28 23000 1 42.18
29 28 23000 2 39.95
29 28 23000 3 38.00
29 28 23000 4 Does not 
converge
29 30 20000 0.5 41.90
29 30 20000 1 40.69
29 30 20000 2 38.51
29 30 20000 3 36.61
29 30 20000 4 Does not 
converge
Table 8.5: Predicted Temperatures of Top Layer using




TR = 24 oc
T ou t T in W(Watts) ACHRM T T
15 20 12000 0.5 26.06
15 20 12000 1 26.44
15 20 12000 2 27.08
15 20 12000 3 27.60
15 20 12000 7 28.97
15 20 12000 8 Does not 
converge
15 22 9000 0.5 24.36
1 5 22 9000 1 24.86
15 22 9000 2 25.69
1 5 22 9000 3 26.35
15 22 9000 7 28.10
15 22 9000 8 Does not 
converge
15 24 6000 0.5 22.53
15 24 6000 1 23.18
15 24 6000 2 24.23
15 24 6000 3 25.05
15 24 6000 7 27.62
15 24 6000 8 Does not 
converge
Table 8.6: Predicted Temperatures of Top Layer using








The experimental results indicate that significant thermal 
stratification occurs even in a small atrium. Maximum stratification 
which occurred between thermocouple 1 and thermocouple 6 for the 
case study days were as follows:
DAY MAXIMUM STRATIFICATION °C
Summer (25/2/91) 90C at 1 PM
Winter (29/8/91) 6°C at 12NOON
Summer (9/2/91) 6.5°C at 11AM
Spring (17/10/91) 50C at 2PM
Table 9.1: Maximum Experimental Temperatures in
Atrium
In both cases stratification varied with time and closely followed 
the value of solar insolation i.e. maximum stratification occurred when 
there was maximum insolation and no stratification was detected when 
there was no insolation.
Periodic variation in temperature at each level in the atrium was 
also observed. This may have been due to opening and closing of doors 
leading into the atrium, since the ACHRM is significantly affected by 
the number of open doors, as shown in Section 7.3.
1 2 5
9.2 Theoretical ESPII Results
9.2.1 LOADS Program
Several assumptions were made in the LOADS program:
a) The value of thermal mass in the atrium was assumed to be 500 
kg/m2 of floor area.
b) The glass in the atrium was assumed to be horizontal whereas in 
actual fact the atrium has two inclined pieces of glass shaped
like a triangular prism. It should be noted that ESPII can model 
the glass as a prism but due to time constraints this was 
simplified to a horizontal plane.
c) There was heat loss through the roof and glass of the atrium, 
although this was minimised by specifying a roof with good 
insulation.
9.2.2 SYSTEMS Program
Assumptions in the SYSTEMS program were as follows:
a) The amount of supply air to each space was 3000 L/s.
b) The amount of outside air was 18% of the supply air i.e. 540 L/s to 
each space, making a total of 1080 L/s into the building.
The SYSTEMS results indicated that the maximum cooling load in 
the atrium occurred at 3PM. For both winter and summer conditions the 
cooling load decreased when higher values of inside temperature in the 
atrium were specified.
The predicted values of maximum internal temperature in the 
atrium with no air-conditioning system were compared to the actual 








Summer (25/2/91) 33.5 35.8
Winter (29/8/91) 25.1 27.7
Table 9.2 : Comparison of Maximum Temperature
Predicted by ESPII to Actual Maximum 
Temperature
It can be seen that ESPII under predicts the atrium internal 
temperature by about 2-3°C. This was because it did not take into 
account the effects of thermal stratification. Also, the air exchange 
with surrounding offices was not specified in ESPII. If this factor was 
considered, the magnitude of under prediction would be even greater. 
This means that ESPII and other building simulation programs would 
calculate a cooling load which is less than the true load for the spaces 
surrounding the atrium.
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9.3  Linden et al Two-Zone Displacement Model 
Theoretical Results
Assumptions made were:
a) The temperature at the bottom layer in the Linden et al model was 
equal to the outside air temperature.
b) There exists a point source of heat in the atrium. In reality the 
atrium has one or more plane sources of heat (heated 
walls/floors).
c) The strength of the heat source was equal to the cooling load 
calculated by ESPII at 1PM. This was because the experimental 
results indicated that the highest temperature in the atrium 
occurred at 1PM. It should be noted that the highest cooling load 
calculated by ESPII was at 3PM.
d) The temperature of the surrounding office spaces were kept at 
24°C by the air-conditioning system.
The Linden et al model predicted temperatures of Ttop compared to 
the maximum actual temperatures are as follows:
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DAY Heat source 
strength, W 












25000 3 38.90 35.8
23000 3 38.00 35.8
20000 3 36.61 35.8
Winter
29/8/91
6000 3 25.05 25.1
9000 3 26.35 25.1
12000 3 27.60 25.1
Table 9.3: Comparison of predicted Temperature
of Ttop and Actual Maximum 
Temperature
The model over predicts the maximum temperature in summer by 
1-3°C depending on the input value of heat source strength, W. In winter 
the magnitude of over prediction was in the order 0.5-2°C. The 
different values of W were obtained from the ESPII program by 
specifying different internal design conditions. Hence an accurate 
estimation of the internal temperature specified in the LOADS program 
was required.
Under summer conditions increasing the ACHRM value decreased 
the temperature of Ttop. This was because the infiltration heat loss 
increased since the temperature inside the atrium was greater than the 
temperature of the surrounding office spaces.
In winter the opposite happened, increasing the ACHRM value 
increased the temperature of Ttop. The reason was because we have 
assumed that the temperature of Tbottom was constant and equal to 
"̂ "outside- Since Toutside = 15°G = TbQ^0pp and T0ffjQe space = 24°C, it meant 







The objectives of this thesis were to collect case study data of an 
atrium and to develop a thermal model to predict the degree of 
stratification in a glazed complex. Both these objectives were achieved.
ITC atrium thermal performance plus outside environmental data 
were recorded continuously. From the data, graphs were plotted which 
gave a clear presentation of the results. Of special interest were the 
graphs of ITC temperature profiles which showed the stratification at 
different heights in the atrium during the day.
The thermal model developed in this thesis used a combination of 
the Linden et al theory of natural ventilation in enclosures and ESPII 
building energy simulation program.
To apply the Linden et al model to the ITC atrium, several 
modifications were made. Firstly, a cooling load factor was 
incorporated when determining the strength of the point source of heat. 
This was done through a transient analysis using ESPII. The model was 
then further modified by taking into account the heat losses from the 
atrium.
It has been shown that current commercial building simulation 
programs do not take into account thermal stratification when 
predicting internal air temperature of glazed spaces and under predicts 
the maximum temperatures which can occur. The developed thermal 
model fills this gap and is a significant improvement to help designers 
predict the magnitude of stratification in atria. It is also simple enough 





1 1 SUGGESTIONS FOR FUTURE WORK
The large amount of experimental data generated by continuous 
logging means that a statistical analysis of the results can be applied 
readily. Factors such as the maximum temperature, maximum 
stratification and the time at which they occur can be examined.
Air flow rates within the atrium due to natural ventilation can 
also be investigated. From the flow rate, the air change rate between 
the atrium and the outside environment can be found.
Flow visualisation techniques can be used to determine the air 
flow direction. Factors such as whether the air actually rises in a 
plume above the heat source as described in the Linden et al model can 
be addressed.
The major assumption that Tbottom = Toutsjde = constant in the 
Linden et al model has to be changed. Perhaps a multi-layered 
stratification model can be incorporated to account for a changing value
of Tbottom.
Finally, further field monitoring of a different atrium under 







1) Wan Jaafar, M.N., "To Investigate the Temperature Distribution 
and Air Flow in Large Glazed Spaces", BE(Mechanical) Thesis, 
University of Wollongong, 1991.
2) Saxon, R., "Atrium Buildings Development and Design", 
Architectural Press, London, 1989.
3) Degelman, L.O. Molinelli, J.F., Kim, K.S., "Integrated Daylighting, 
Heating, and Cooling Model for Atriums", ASHRAE Trans., Vol 94, 
Pt.1, 1988.
4) Landsberg, D.R., "Design strategies for Energy Efficient Atrium 
Spaces", ASHRAE TRANS.. Vol. 92, Part 2A, pp.310-327.
5) Jacobsen, T., "Thermal Climate and Air Exchange Rate in a 
Glasscovered Atrium without Mechanical Ventilation related to 
Simulations", Thirteenth National Solar Conference, 
Massachusetts Institute of Technology, June 20-24, 1988, 
pp.61-71.
6) Sanjuro, O.D., "Experimental Examination of Three-Dimensional 
Turbulent Natural Convection in an Enclosure with Localised 
Heating and Cooling", BE(Mechanical) Thesis, University of 
Wollongong, 1990.
7) White, F.M., "Heat Transfer", Addison-Wesley, USA, 1988.
8) Linden,P.K., Lane-Serff, G.F., Smeed, D.A., "Emptying Filling 
Boxes: the Fluid Mechanics of Natural Ventilation", Journal of 
Fluid Mechanics. Vol. 212,1990, pp.309-335.
9) McLean, D., 'Case Studies in Thermal Modelling -Case 1: An 
atrium in central London', Transcript of Papers Given at the 
Autumn Workshop Series, Abacus Simulations Limited, 1988.
135
10) Liddament, M.W., “Air Infiltration Calculation Techniques-An 
Applications Guide”, Oscar Faber Partnership, 1986, pp3.14- 3.20
11) "ASHRAE Handbook - 1985 Fundamentals SI Edition", American 
Society of Heating, Refrigerating and Air - Conditioning 
Engineers, Inc., U.S.A., 1985.
12) Wickam, F.(ed), "User Guide for the APEC Energy Simulation 
Computer Program ESPN", Australian Government Publishing 
Service, Canberra, 1985.
13) "Carrier System Design Manual", Australian Government 
Publishing Service, Canberra, 1974.
14) Stoecker, F. and Jones, W., “Refrigeration and Air Conditioning”, 
McGraw Hill, Singapore, 1982.
15) Shaw, B.H., Whyte, W., 'Air Movement Through Doorways - the 
Influence of Temperature and its Control by Forced Airflow", 






"User Manual - Datataker 50 and Datataker 500", Data Electronics (Aust) 
Pty. Ltd., 1990.
Valentino, J„ "FORTRAN for Technologists and Engineers", CBS College 
Publishing, 1985.
Jacobsen, T., "Small Scale Modelling of Glazed Spaces Under Strong 




C alcu lations to Determ ine the Stack Pressure  
Available for a Space when the Space is Treated as 
Fully Mixed and when Stratification is Considered











The temperature difference between outside and inside is 10°C 
and the change in height between the lower and upper openings is 8.6m.
1 3 9
1). S ta ck  e ffe c t w ith  U n ifo rm  In te rn a l T e m p e ra tu re  Distribution
in the  S pace
From Liddament [10] the stack pressure is given by the equation:
1 1
Ps =  -Po 9 273 (112-h!)
.T e x t int.
Equation A.1
Where Text = absolute external temperature (K)
T  int = absolute internal temperature (K)
fl2 = height of upper opening (m)
hi = height of lower opening (m)
Po = density of air at 273K = 1.293 kg/m3
g = acceleration due to gravity = 9.81 m/s2
Using Equation A.1 the stack pressure for the fully mixed
-  -1.239 x 9.81 x 273 x (8.6) x
1 1
298 308
-  -3.244 Pa
The negative sign indicates that the outside pressure is less than 
the inside pressure at the upper opening, thereby allowing an out flow 
of air through it.
1 4 0
2.) S tack Effect w ith Therm al Stratification in the Space
A space with the same dimensions as Fig. A.1 is considered. The 
inside temperature at the lower opening is assumed to be equal to 25 °C
i.e. the outside temperature, whereas the inside temperature at the 
upper opening is equal to 35 °C. This depicts the stratification which 
will occur.(Fig. A.2)






Po= P outside = 101.325 kPa 




The different internal air temperatures cause a change in air 
density with respect to height. This means that a non-linear internal 
pressure gradient is created. Temperature can be assumed to be linearly 
dependant on height i.e.
Tz = coz + Tzo
Where co
Tzo
Temperature gradient (K/m) 
Temperature at height Z0 (K)
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Liddament [10] states that Pz, the internal pressure at height z is given 
by the equation:
Pz =  Po - Pog 273 [1/w ln((oz + T zo ) ] z~q Equation A2
Where Pz = internal pressure at height z (Pa)
Po — density of air at 273K = 1.293 kg/m3
g = acceleration due to gravity (m2/s)
CO = temperature gradient (K/m)
Tzo = temperature at height Z0 (K)
Now, AT 20°C
CO = AT/Ah = 20/8.6 = 2.326 K/m
Therefore, from equation A2,
P z=  P0 -  P0 g 273[1/w ln(coh +  T zo ) - 1  / w l n ( T Z0)]
P z=  P 0 - 1.293 x 9.81 x 273 x [ 1/2.326 (ln(2.326(8.6)+298)-
I n (298))]
Pz = p0 - 96.72
= 101.325 x 103 - 96.72
To find P oz at z = 8.6m i.e. the outside pressure at height z : 
At datum level, i.e. z0,
p0 = Pq/RTq = 101.325 x 103 x 287 x 298
= 1.186 kg/m3
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Assuming that the air density outside the building remains the same,
Poz = Po - Po g h
-  101.325 x 103 - 1.186 x 9.81 x 8.6
-  101.325 x 103- 100.6
Hence,
APS = Pressure difference between outside and inside of building
=  P O Z "  P z
= 101.325 x 103- 100.06 - (101.325 x 103 - 96.72)
= -100.06 + 96.72
= -3.34 Pa
It can be seen that stack pressure is slightly more than the value of the fu 
case with the same temperature difference between outside and inside.
143
APPENDIX B
PROGRAM FOR DATATAKER 50 TO MONITOR OUTSIDE 
PARAMETERS
The actual program is written in bold, with brief explanations of the 
commands written in normal text.
P36 = 0 Temperature values are measured in °C
P 31 = 1 DD/MM/YYYY Data Format
P39=2 Decimal Hours Format
/u /n P22=44 P24=13 Format of returned data: no units,






Channel 1 measures wind direction. The 
voltage given by the wind vane must be 
multiplied by a factor of 0.782 to 
convert it to wind direction.
Channel 2 measures temperature 
directly in °C
Channel 3 measures wind speed. 
Conversion factor of 0.186 to convert 
to km/hr
Channel 4 measures insolation. 
Conversion factor of 31.25 to convert 
to W/m2
R5M D T 1V(Y1) A5S 2TT 3V(Y3) 4V(Y4)
Record the values of channels 1-4 
every 5 mins with the corresponding 
date and time. Channel 1 is an 
instantaneous value while channels 2-4 




PROGRAM FOR DATATAKER 500 TO MONITOR THE 
TEMPERATURES INSIDE THE ATRIUM
The actual program is written in bold, with brief explanations of the 
commands written in normal text.
P36 = 0 
P31 = 1 
P39 = 2
Temperature values are measured in °C 
DD/MM/YYYY Data Format 
Decimal Hours Format
/u /n P22=44 P24=13 Format of returned data: no units,
no channel numbers, comma 
delimiters
Y1= 0.39, 1 Thermocouple in channel 1 needs a 






Correction of -0.14 
Correction of -0.24 
Correction of -0.35 
Correction of -0.49
R5M D T A5S 1TT(Y1) 2TT(Y2) 3TT(Y3) 4TT(Y4)
5TT(Y5) 6TT(Y6)
Record the values of channels 1-6 
every 5 mins with the corresponding 
date and time. The recorded value is an 
average of the 5 second scan intervals 
over the 5 mins.
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APPENDIX D
Procedure to communicate with the Datataker and 
download data using the Apple Macintosh Computers 
situated in the CAD lab, University of Wollongong 
Mechanical Engineering Department
1. ) The C-server on the Macintosh must first be disconnected. This
was done by opening the CONTROL PANEL, selecting the 'C-server 
Co.' symbol and 'clicking' the following:
IEI Redirect printer port 
□  Redirect modem port
El Show driver menu 
Show status box
2. ) Open 'Red Ryder'.
Note: When 'Red Ryder' is open, the C-server symbol
should not appear in the menu.
3. ) Connect the communications cable. The male 8 Pin Mini DIN
should go into the Modem Port of the Apple Macintosh computer.
The 9 Pin connector should be connected to the RS232 COMMS 
interface on the datalogger.
4. ) Set the RS232 COMMS interface parameters as:
4800 baud 
No parity 
8 data bits 
1 stop bit 
Full duplex
5. ) Communication will be established.
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MEMORY CARD
The datataker has a unique capability in that a plug in memory 
card can be used. The card provides a removable data memory which can 
be removed from the Datataker and transported elsewhere for reading 
using another Datataker. The procedure for downloading data from the 
Datataker 5 0 ™  (used to monitor outside parameters) and Datataker 
500™  (used to monitor the temperatures in the atrium) was as follows:
1. ) Disconnect Datataker 500™ (which has the memory card
inserted) from thermocouples in ITC building. Transport to Cad 
lab and interface with the Apple Macintosh Computer.
2. ) First download data from the memory card through the Datataker
500™
-Type 'H' to halt scan schedules.
-'Open File Capture' on Red Ryder.
-Type 'U' to unload data.
-’Close File Capture' on Red Ryder.
-Type 'CCARD' to clear card memory.
3. ) Remove memory card from Datataker 500™ and go to Datataker
50™  situated in the Datalogging Room in the Thermodynamics 
Laboratory. Insert memory card into Datataker 50™  so that all 
data in the internal memory is transferred to the card. Take card 
to CAD lab.
4.) Insert memory card into Datataker 500™* 
-'Open File Capture'
-Type 'U' to download data from memory card. 
-'Close File Capture'
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-Type 'CCARD' to clear memory card
5. ) The datalogger scan schedules must now be reactivated and data
logged into the internal memory.
-Type 'G' to tell the scan schedules to go
-Type ’LOGON' so that data will be logged into the internal 
memory.
6. ) Disconnect Datataker 500™ from Macintosh computer and
return to ITC atrium.
NOTE:ln the above procedure the Datataker 50™  in the Datalogging 
Room is never moved. Continuous logging is possible through the use of 





LOADS ALL MET SOUTH
LDA01 ITC ATRIUM
LDA02 MODELLED FOR
LDA03 FEBRUARY 25TH 1991
LDB01 THESIS WOLLONGONG
LDC01 MAK AND SONS NICK MAK 1991
LDD01 094767 01986 829 829






LDK01 WALL 1 W001.50 3
LDK02 ROOF R017.88 5
LDM01 S-GLAZING 5.5 9.0 7 0.0 11001.00.0
LDO01 150 CONC BET. FLOOR 4320.99
LDQ01 GLASS WOOL/PLASTER 0.347
LDR01 INSIDE ATRIUM 0 16.4 13.2 8.2 500
LD T0101021 6.4010213.201 0216.4010213.2
LDV0105 0 2.2401 2 2 1 0 13.216.4 0 0
LDR02 INSIDE BUILDING 0 17.0 14.0 8.2
LD T02010116.4010113.2010116.4010113.2
LDV0201 0 1.24 8.217.0 180 90
LDV0202 0 1.24 8.214.0 -90 90
LDV0203 0 1.24 8.217.0 0 90
LDV0204 0 1.24 8.214.0 90 90





SYA01ITC BUILDING TEST FREE RUN
SYA02 3/991
SYA03 P. COOPER &N.MAK 
SYB 3 991 220 220
SYC01 220 220111111111111111111111111 
SYD01 1 24 24 HOUR ALL
SYD02 OFF ALL DAY
SYD03 717 7AM TO 5PM
SYE01 0101 24HR ALL YEAR
SYF01 3 DISCRIMINATOR CONTROL
SYG01 1.01.01.01.0 01 GEN. OFFICE SPACE
SYH01 1 20. 100.
SYL01 2 ATRIUM BUILDING 15013.005 90.60.
SYM01 2 18
SYN01 2 5 01
SYP01 20101 3000
SYL02 2 SURROUNDING SP! 19513.005 90.60.
SYM02 2 18
SYN02 2 5 01
SYP02 20201 3000















* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* LINDEN ET AL TWO-ZONE DISPLACEMENT MODEL *
* This program predicts the temperature at the top of the atrium. This *
* is done by using Linden's two zone model and letting Tbottom equal *
* the outside temperature. The cooling load on the atrium (determined *
* by using ESPII) is equal to the strength of the point source in 4
* the Linden et al model. *
*  *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
c Declare all integers and variables.
REAL AB,ATtTO>TR»ACHRM(150)fCP,TB,TT(150)lUG,AGfQT(150)>QINR(15
&0)lQINO(150),QGLS(150),QTOT(150)fQTOTT(150),DT(150),VT,VBlWfUPAR>




c Ask user for the experimental temperature data and the date.
10 PRINT *,'Which day?(day.month)'
READ *,DAY
PRINT *,'What outside temperature?'
READ *,TO
c Set constants
c AB= Partition wall area of bottom floor (metres square)
c AT=:Partition wall area of top floor (metres square)
c TR=Room temperature (degrees centigrade)
c CP=Heat capacity of air multiplied by density of air 
c UG=U-value of glass (Watts per square metre) 
c VT=Volume of top floor (metres cube)
c VB=Volume of bottom floor (metres cube)
c UPAR=U-value of partition (Watts per square metre)
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c H=Distance from midpoint of door to midpoint of fan (metres) 












c Ask user for the required values of air change rate from adjacent
c rooms (ACHRM) and air change rate from outside (ACHOS).
PRINT VWhat value of ACHRM?'
READ *,ACHRMF
PRINT *,'What value of ACHOS?'
READ * ACHOS
c Ask user for the cooling load on the glazed space(W), which is
c equal to the strength of the point source.
PRINT VWhat value of W?(in Watts)'
READ *,W
c To obtain a better starting value of Ttop, the program first 
c calculates the value of Ttop with ACHRM=0.5. It then uses this 
c value as a starting point to calculate the value of Ttop for
c ACHRM=1. This process is repeated by increasing ACHRM at





c Calculate air flow rates at top and bottom of atrium for given 
c values of ACHRM and ACHOS.
FR TR (I)=(AC H R M (I)/3600)*VT
FR BR (I)=(A C H R M (I)/3600)*VB
FRTO=(ACHOS/3600)*VT
FRBO=(ACHOS/3600)*VB
c Calculate the interface height using SUBROUTINE HEIGHT, 
c A= Effective area
c HG=lnterface height
CALL HEIGHT(H,A,HG)
c Set initial values of Ttop and Tbottom.
TB=TO
D E LTA TE M P =(24*((W /1  0 0 0 )**0 .6 6 6 7 )) /( (H G )**1 .667)






c If ACHRM > 0.5, then let the previous calculated value of Ttop 
c equal the starting value of the next increment of ACHRM.
T T (1 )= T T (1 0 1 )
END IF
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c Iterate by modifying the strength of the point source after 
c the four heat losses are taken into account, 
c
c QT= heat loss by transmission through partition walls, 
c QINR= heat loss by infiltration with adjacent rooms,
c QINO= heat loss by infiltration from outside,
c QGLS= heat loss by transmission through glass.
QTOT(J)=0 
DO 100 J=1,100
Q T (J)a=(AT*U PAR *(TR -TT(J)))+ (AB*U PAR *(TR -TB)) 
Q IN R (J) = C P *((F R T R (I)*(T R -T T (J ))) + (F R B R (I)*(T R -T B ))) 
Q INO (J)=C P*((FRTO *(TO -TT(J)))+(FR BO *(TO -TB))) 
QGLS(J)=UG*AG*(TO-TT(J)) 
QTOT(J+1)=QT(J)+QINR(J)+QINO(J)+QGLS(J)
c Let M and N be the weighting factors.
M=0.8 
N = 1 -M
c Modify strength of point source.
QTOTT(J)=(QTOT(J)*M +QTOT(J+1)*N+W )/1000
IF (QTOTT(J).LE.0)THEN 
PRINT VQtot is negative'
GOTO 750 
END IF
c If the modified strength of the point source is still positive,
c i.e the atrium is gaining heat, then evaluate a value for Ttop.
DT (J) = (2 4 *(Q T O T T  (J )* *0 .6 6 6 7 )) /( (H G )**1 .6667) 
TT(J + 1 )=TB+DT (J)
100 CONTINUE
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525 W R ITE(6,550)
550 FORMAT(/,81 ( '* '),//,5X,'QT(W )',4X,'Q INR(W )',2X,'Q INO(W )',3X,'QGL 
&S(W)',4X,'QTOT (W)',1 X,'QTOTT (kW)',5X,'DT (C)',5X,'TT (C)')
c Print out the result after every ten iterations.
DO 675 1=1,100,10
WRITE(6,650) QT(l),QINR(i),QINO(l),QGLS(l),QTOT(l+1),QTOTT(l),DT 





700 FORMAT(//,2X,'Day is ',F6.2,/,2X,'Solar gain is',F7.0,/,2X,'Outs 
&ide temperature is ',F5.2,/,2X,'ACHRM is ',F5.2,/,2X,'Interface he 
&ight is ',F6.4,/,81 ('* '),//)
c Ask user if he wants to try again.
750 PRINT *,'Do you want to try again? (Y=1,N=2)'
READ *,ANS 










c This subroutine calculates the interface height when the height 
c and effective area of the building is given. It uses a trial and 
c error approach.
SUBROUTINE HEIGHT(H,A,HG)
950 H 1 = A / ( H * * 2 )
H T = ( (H G /H )* *2 .5 ) *0 .0 4  
HB = ( 1 - ( H G /H ) ) * * 0 .5
H2=HT/HB
HTOT=H2-H1
IF(HTOT.LE.0.00001.AND.HTOT.GE.0) GOTO 1000 
IF(HTOT.GE.-0.00001.AND.HTOT.LE.0) GOTO 1000












RESULTS FROM LINDEN ET AL MODEL FOR 
25/2/91 (SUMMER) AND 29/8/91 (WINTER)
i F * * * * * * * * * * * * * * * * * * * * * *
QT (W> QI N R (W ) Q I N 0 ( W ) QGl. S < W )
- 1 3 9 1 . 4 - 4 8 3 8 . 2 0 . 0 - 3 2 0 4 . 1
- 1 3 1 3 . 5 - 4 5 7 9 . 6 0 . 0 - 2 9 0 0 . 0
- 1 3 1 4 . 4 - 4 5 8 2 . 4 0 . 0 - 2 9 0 3 . 2
- 1 3 1 4 . 3 - 4 5 8 2 . 3 0 . 0 - 2 9 0 3 . 2
- 1 3 1 4 . 3 - 4 5 8 2 . 3 0 . 0 - 2 9 0 3 . 2
- 1 3 1 4 . 3 - 4 5 8 2 . 3 0 . 0 - 2 9 0 3 . 2
- 1 3 1 4 . 3 - 4 5 8 2 . 3 0 . 0 - 2 9 0 3 . 2
- 1 3 1 4 . 3 - 4 5 8 2 . 3 0 . 0 - 2 9 0 3 . 2
- 1 3 1 4 . 3 - 4 5 8 2 . 3 0 . 0 - 2 9 0 3 . 2
- 1 3 1 4 . 3 - 4 5 8 2 . 3 0 . 0 - 2 9 0 3 . 2
D a y  i s  2 5 . 2 0
S o  1a r  g s i n i  s  2 0 0 0 0 .
0 u t s * i d e  t e m p e r a t u r e i s  2 9 . 0 0
ACHRM i s 1 . 0 0
I  n t  e r  f  ac e h e i g h t  i s 4 . 0 4 7 4
+ + *  * *: * 4 * *  * 4 4 *  4 4 4 t 4 + 4 -« + % if + * *  ■+ + * * .T + * 4 * * + + +.
QT (W) Q I N R ( W) Q I N 0 ( W ) QGLS(W)
- 1 2 4 2 . 6 - 8 6 8 8 . 1 0 . 0 - 2 6 2 3 . 0
- 1 1 6 5 . 9 - 8 1 7 8 . 5 0 . 0 - 2 3 2 3 . 3
- 1 1 7 6 . 0 - 8 2 4 5 . 6 0 . 0 - 2 3 6 2 . 7
- 1 1 7 5 . 8 - 8 2 4 4 . 0 0 . 0 - 2 3 6 1 . 8
- 1 1 7 5 . 8 - 8 2 4 4 . 1 0 . 0 - 2 3 6 1 . 8
- 1 1 7 5 . 8 - 8 2 4 4 .  1 0 . 0 - 2 3 6 1 . 8
- 1 1 7 5 . 3 - 8 2 4 4 . 1 0 . 0 - 2 3 6 1 . 8
- 1 1 7 5 . 8 - 8 2 4 4 . 1 0 . 0 - 2 3 6 1 . 8
- 1 1 7 5 . 3 - 8 2 4 4 .  1 0 . 0 - 2 3 6 1 . 8
- 1 1 7 5 . 8 - 8 2 4 4 . 1 0 . 0 - 2 3 6 1 . 8
Oaty i s  * 2 5 - 2 0
S o  1a r  g a i n  i s  2 0 0 0 0 .
O u t s i d e  t e r n p e r a t u r e i s  2 9 . 0 0
ACHRM I S 2 . 0 0
I n t e r - f a c e h e i g h t  i s 4 . 0 4 7 4
*>« * * * * * * *  * * * * ' * * * * * * * » 1 1
QT (W) QI  NR(W> OINO<W> QGLS(W)
- 1 1 1 3 . 5 - 1 1 7 4 4 . 9 0 . 0 - 2 1 1 8 . 3
- 9 7 1 . 9 - 1 0 3 3 3 . 4 0 . 0 - 1 5 6 5 . 0
- 1 0 6 5 . 0 - 1 1 2 6 1 . 8 0 . 0 - 1 9 2 8 . 9
- 1 0 5 5 . 2 - 1 1 1 6 4 . 6 0 . 0 - 1 8 9 0 . 8
- 1 0 5 5 . 2 - 1 1 1 6 4 . 1 0 . 0 - 1 8 9 0 . 6
- 1 0 5 5 . 3 - 1 1 1 6 5 . 5 0 . 0 - 1 3 9 1 . 2
- 1 0 5 5 . 3 - 1 1 1 6 5 . 3
oo
- 1 8 9 1 . 1
- 1 0 5 5 . 3 - 1 1 1 6 5 . 3
oo
- 1 8 9 1 . 1
- 1 0 5 5 . 3 - 1 1 1 6 5 . 3 0 . 0 - 1 8 9 1 . 1
- - 1 0 5 5 .  3 - 1 1 1 6 5 . 3 0 . 0 - 1 8 9 1 . 1
D a y  i s  2 5 . 2 0
So 1a r  g a i n  i s  2 0 0 0 0 .
O u t s i d e  t  e r n p e r  a t  a r e  i s  2 9 . 0 0
ACHRM i s  3 . 0 0
I n t e r f a c e  h e i g h t  i s  4 . 0 4 7 4
* * * 4 * * * * * * * * * * *  + * *  * 4 + + + +'*■ :+ * '+ *  + -* ■ * * * ■ * * * ’*'* *
QT 0T<W) Q T 0 T T CkW> DT (C) TT ( C )
- 9 4 3 3 . 6 1 8 . 1 1 3 3 1 6 . 1 0 3 9 4 5 . 1 0 3 9
- 8 7 9 3 .  1 1 1 . 1 9 1 3 1 1 . 6 8 1 9 4 0 . 6 8 1 9
- 8 7 9 9 . 9 1 1 . 2 0 0 1 1 1 . 6 8 8 0 4 0 . 6 8 8 0
- 8 7 9 9 . 9 1 1 . 2 0 0 1 3 1 . 6 3 8 0 4 0 . 6 8 3 0
- 8 7 9 9 . 9 1 1 . 2 0 0 1 3 1 . 6 8 8 0 4 0 . 6 8 8 0
- 3 7 9 9 . 9 1 1 . 2 0 0 1 1 1 . 6 8 8 0 4 0 . 6 3 8 0
- 8 7 9 9 . 9 1 1 . 2 0 0 1 1 1 . 6 3 8 0 4 0 . 6 8 8 0
- 8 7 9 9 . 9 1 1 . 2 0 0 1 1 1 . 6 8 8 0 4 0 . 6 8 8 0
- 8 7 9 9 . 9 1 1 . 2 0 0 1 1 1 . 6 8 8 0 4 0 . 6 3 8 0
- 8 7 9 9 . 9 1 1 . 2 0 0 1 1 1 . 6 3 8 0 4 0 . 6 8 8 0
* * * * * * *  * . * . * * - * . * * *  «M *  *  A 4 * 4 * *  *  *  *  + *  * * * *  +• * *  * *
QT0T CW) Q T 0 T T (kW) DT (C) TT (C)
- 1 2 5 5 3 . 7 1 7 . 4 8 9 3 1 5 . 7 3 1 9 4 4 . 7 3 1 9
- 1 1 6 6 7 . 8 8 . 1 3 2 3 9 . 4 4 2 0 3 8 . 4 4 2 0
- 1 1 7 8 4 . 3 8 . 2 1 7 4 9 . 5 0 7 8 3 8 . 5 0 7 8
- 1 1 7 8 1 . 7 8 . 2 1 8 4 9 . 5 0 8 5 3 8 . 5 0 8 5
- 1 1 7 8 1 . 7 8 . 2 1 S 3 9 .  5 0 8 5 3 8 . 5 0 8 5
- 1 1 7 8 1 . 7 8 . 2 1 8 3 9 . 5 0 8 5 3 8 . 5 0 8 5
- 1 1 7 8 1 . 7 3 . 2 1 8 3 9 . 5 0 8 5 3 8 , 5 0 8 5
- 1 1 7 8 1 . 7 8 . 2 1 8 3 9 . 5 0 8 5 3 8 . 5 0 8 5
- 1 1 7 8 1 . 7 8 . 2 1 8 3 9 . 5 o 3 5 3 8 . 5 0 8 5
- 1 1 7 8 1 . 7 8 , 2 1 8 3 9 . 5 U 8 5 3 8 . 5 0 8 5
* * * * * * * * * * * * * * * * * *  + * * * *  + * *  + * » * * *  + * * * * * *  + * *
QTOT(W) Q TOTT( kW) DT (C) TT <C)
- 1 4 9 7 6 . 7 1 7 . 0 0 4 7 1 5 . 4 3 9 9 4 4 . 4 3 9 9
- 1 2 8 7 0 . 3 5 . 3 5 1 4 7 . 1 4 3 2 3 6 . 1 4 3 2
-  1 4 2 5 5 . 7 5 . 7 9 5 5 7 . 5 3 3 2 3 6 . 5 3 3 2
- 1 4 1 1 0 . 7 5 . 9 0 7 5 7 . 6 2 9 . 9 3 6 . 6 2 9 9
- 1 4 1 0 9 . 9 5 . 8 8 7 1 7 . 6 1 2 4 3 6 . 6 1 2 4
- 1 4 1 1 2 . 0 5 . 8 8 8 1 7 , 6 1 3 2 3 6 . 6 1 3 2
- 1 4 1 1 1 . 7 5 . 8 8 8 3 7 . 6 1 3 4 3 6 . 6 1 3 4
- 1 4 1  1 1 . 7 5 . 8 8 3 3 7 . 6 1 3 4 3 6 . 6 1 3 4
- 1 4 1 1 1 . 7 5 . 8 3 8 3 7 . 6 1 3 4 3 6 . 6 1 3 4
- 1 4 1 1 1 . 7 5 . 8 8 8 3 7 . 6 1 3 4 3 6 . 6 1 3 4
if i  n  o  I  M  : m  M  H  H  t  t  .t + ’i' ^  H  * ♦ * f  * » i  1  H M  * *
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* * * * 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * i *** '** **** * ** ** * ** ** * **
GT (W) Q I N R ( W ) Q I N D  <W> QGLS(W) QTOT(W) QTOTT ( kW) DT (C) TT (C)
- 1 7 7 1 . 3 - 3 0 5 0 . 2 0.0 - 4 6 8 8 . 6 - 9 5 1 0 . 1 2 1 . 0 9 8 0 1 7 . 8 2 7 8 4 6 . 8 2 7 8
- 1 4 8 7 . 9 - 2 5 7 9 . 5 0.0 - 3 5 8 1 . 3 - 7 6 4 8 . 7 1 5 . 3 4 8 9 1 4 . 4 2 0 6 4 3 . 4 2 0 6
- 1 4 8 8 . 1 - 2 3 7 9 . 8 ■ 0.0 - 3 5 8 2 . 1 - 7 6 5 0 . 0 1 5 . 3 5 0 0 1 4 . 4 2 1 3 4 3 . 4 2 1 3
- 1 4 8 8 . 1 - 2 5 7 9 . 8 0.0 - 3 5 8 2 . 1 - 7 6 5 0 . 0 1 5 . 3 5 0 0 1 4 . 4 2 1 3 4 3 . 4 2 1 3
- 1 4 8 8 . 1 - 2 5 7 9 . 8 0.0 - 3 5 8 2 . 1 - 7 6 5 0 . 0 1 5 . 3 5 0 0 1 4 . 4 2 1 3 4 3 . 4 2 1 3
- 1 4 8 8 . 1 - 2 5 7 9 . 8 0.0 - 3 5 8 2 . 1 - 7 6 5 0 . 0 1 5 . 3 5 0 0 1 4 . 4 2 1 3 4 3 . 4 2 1 3
- 1 4 8 8 . 1 - 2 5 7 9 . 8 0.0 —3 5 8 2 . 1 - 7 6 5 0 . 0 1 5 . 3 5 0 0 1 4 . 4 2 1 3 4 3 . 4 2 1 3
- 1 4 8 8 . 1 - 2 5 7 9 . 3 0.0 - 3 5 8 2 . 1 —7 6 5 0 . 0 1 5 . 3 5 0 0 1 4 . 4 2 1 3 4 3 . 4 2 1 3
- 1 4 3 8 . 1 - 2 5 7 9 . 8 0.0 - 3 5 8 2 . 1 - 7 6 5 0 . 0 1 5 . 3 5 0 0 1 4 . 4 2 1 3 4 3 . 4 2 1 3
- 1 4 8 8 . 1 - 2 5 7 9 . 8 0.0 - 3 5 8 2 . 1 - 7 6 5 0 . 0 1 5 . 3 5 0 0 1 4 . 4 2 1 3 4 3 . 4 2 1 3
D a y  i s  2 5 . 2 0  
S o l a r  g a i n  i s  2 3 0 0 0 .
O u t s i d e  t e f f i p e r a t  u r e  i s  2 9 . 0 0
ACHRM i s  0 . 5 0
I n t e r f a c e  h e i g h t  i s  4 . 0 4 7 4
+ * *  if + + + + + + + % + *  ' I ' * * * * - # * ! > *  + ! ! ■ * * + * *  + >(<+*+>(« f r * * * *  + * * +  + + * * * *  + + *  + * * + *  +
GT (W> G 1N R ( W) G I NO <W) GGLS(W) GTQT <W) QTOTT (kW) DT (C) TT (C)
- 1 4 8 8 . 1 - 5 1 5 9 . 6 0 . 0 - 3 5 8 2 . 1 - 1 0 2 2 9 . 8 2 0 . 9 5 4 0 1 7 . 7 4 6 6 4 6 . 7 4 6 6
- 1 4 0 8 . 8 - 4 8 9 6 . 2 0 . 0 - 3 2 7 2 . 3 - 9 5 7 7 . 3 1 3 . 4 1 0 2 1 3 . 1 7 9 1 4 2 . 1 7 9 1
- 1 4 0 9 . 4 - 4 8 9 8 . 3 0 . 0 - 3 2 7 4 . 8 - 9 5 8 2 . 3 1 3 . 4 1 7 3 1 3 . 1 8 3 9 4 2 . 1 6 3 9
- 1 4 0 9 . 4 - 4 8 9 8 . 3 0 . 0 - 3 2 7 4 . 8 —9 5 8 2 . 3 1 3 . 4 1 7 3 1 3 . 1 8 3 9 4 2 . 1 8 3 9
- 1 4 0 9 . 4 - 4 8 9 8 . 3 0 . 0 - 3 2 7 4 . 8 - 9 3 8 2 . 3 1 3 . 4 1 7 3 1 3 . 1 8 3 9 4 2 . 1 8 3 9
-  1 4 0 9 . 4 - 4 8 9 8 . 3 0 . 0 - 3 2 7 4 . 8 - 9 3 8 2 . 3 1 3 . 4 1 7 5 1 3 . 1 8 3 9 4 2 . 1 8 3 9
- 1 4 0 9 . 4 - 4 8 9 8 . 3 0 . 0 - 3 2 7 4 . 8 - 9 3 8 2 . 5 1 3 . 4 1 7 5 1 3 . 1 8 3 9 4 2 . 1 8 3 9
- 1 4 0 9 . 4 - 4 8 9 8 . 3 0 . 0 - 3 2 7 4 . 8 - 9 5 8 2 . 3 1 3 . 4 1 7 5 1 3 . 1 8 3 9 4 2 . 1 8 3 9
- 1 4 0 9 . 4 - 4 3 9 8 . 3 0 . 0 - 3 2 7 4 . 8 —9 5 8 2 . 5 1 3 . 4 1 7 5 1 3 . 1 8 3 9 4 2 . 1 S 39
- 1 4 0 9 . 4 - 4 8 9 8 . 3 0 . 0 - 3 2 7 4 . 8 - 9 5 8 2 . 5 1 3 . 4 1 7 5 1 3 . 1 8 3 9 4 2 . 1 8 3 9
D a y  i s  2 5 . 2 0  
S o l a r  g a i n  i s  2 3 0 0 0 .
O u t s i d e  t e m p e r a t u r e  i s  2 9 . 0 0
ACHRM i s  1 . 0 0
I n t e r f a c e  h e i g h t  i s  4 . 0 4 7 4
* * %  +  + * > t ' * * 4 ' * * * * * * * * i t < * * « .  +  i f + i » i f * * i f * ' i t < * W * * > i ' ’t ' * i t ‘ i f * * i V * i f > f * > t ' # * * * i t i i f f i f * i f i t ‘ * i * ' » * * * i | . *  ■+*. ( .  *  +  * *  +  + * ♦ •
QT (W> G I NR <W) G I  N O ( W) Q6 LS <W> QTOT <W) QTOTT <kW> DT (C) TT ( C >
- 1 3 3 6 . 0 - 9 3 0 8 . 9 0 . 0 - 2 9 3 8 . 0 - 1 3 6 3 2 . 9 2 0 . 2 7 3 4 1 7 . 3 6 0 2 4 6 . 3 6 0 2
- 1 2 6 0 . 4 - 8 8 0 6 . 3 0 . 0 - 2 6 9 2 . 5 - 1 2 7 5 9 . 2 1 0 . 0 8 8 9 1 0 . 9 0 1 5 3 9 . 9 0 1 5
- 1 2 6 7 . 7 - 0 8 5 4 . 4 0 . 0 - 2 7 2 0 . 8 - 1 2 8 4 2 . 9 1 0 . 1 5 8 1 1 0 . 9 5 1 4 3 9 . 9 5 1 4
- 1 2 6 7 . 5 - 8 8 5 3 . 6 0 . 0 - 2 7 2 0 . 3 - 1 2 8 4 1 . 5 1 0 . 1 5 8 5 1 0 . 9 5 1 7 3 9 . 9 5 1 7
— 1 2 6 7 . 5 - 8 8 5 3 . 6 0 . 0 - 2 7 2 0 . 3 - 1 2 8 4 1 . 5 1 0 . 1 5 8 5 1 0 . 9 5 1 6 3 9 . 9 5 1 6
- 1 2 8 7 . 5 - 8 8 5 3 . 6 0 . 0 - 2 7 2 0 . 3 — 1 2 8 4 1 . 5 1 0 . 1 5 8 5 1 0 . 9 5 1 6 3 9 . 9 5 1 6
— 1 2 6 7 . 5 - 3 8 5 3 . 6 0 . 0 - 2 7 2 0 . 3 - 1 2 3 4 1 . 5 1 0 . 1 5 8 5 1 0 . 9 5 1 6 3 9 . 9 5 1 6
- 1 2 6 7 . 5 - 8 8 5 3 . 6 0 . 0 - 2 7 2 0 . 3 -  1 2 S 4  1 . 5 1 0 . 1 5 8 5 1 0 . 9 5 1 6 3 9 . 9 5 1 6
- 1 2 6 7 . 5 —8 8 5 3 . 6 0 . 0 - 2 7 2 0 . 3 -  3 2 S 4 1 . 5 1 0 . 1 5 8 5 1 0 . 9 5 1 6 3 9 . 9 5 1 6
—1 2 6 7 . 5 - 8 8 5 3 . 6 0 . 0 - 2 7 2 0 . 3 -  12 84  1 . 5 1 0 . 1 5 ß 5 1 0 . 9 5 1 6 3 9 . 9 5 1 6
D a y  i s  2 5 . 2 0  
S o l a r  g a i n  i s  2 3 0 0 0 .
O u t s i d e  t e m p e r a t u r e  i s  2 9 . 0 0
ACHRM i s  2 . 0 0
I n t e r f a c e  h e i g h t  i s  4 . 0 4 7 4
* * * * *  * - * *+++ '  4>*i f ***¡( .  + *  *+• + + + *  + + f  + + * * » *
QT (W> Q IN R < W) Q I N O (W) GGLS(W)
- 1 2 0 3 . 5 - 1 2 6 4 2 . 6 0 . 0 - 2 4 7 0 . 3
- 1 0 9 1 . 7 - 1 1 5 2 8 . 0 0 . 0 - 2 0 3 3 . 3
- 1 1 4 7 . 9 - 1 2 0 8 8 . 5 0 . 0 - 2 2 5 3 . 0
- 1 1 4 3 . 7 - 1 2 0 4 5 . 9 0 . 0 - 2 2 3 6 . 3
- 1 1 4 3 . 7 - 1 2 0 4 6 . 3 0 . 0 - 2 2 3 6 . 5
- 1 1 4 3 . 7 - 1 2 0 4 6 . 5 0 . 0 - 2 2 3 6 . 6
- 1 1 4 3 . 7 - 1 2 0 4 6 . 5 0 . 0 - 2 2 3 6 . 6
- 1 1 4 3 . 7 - 1 2 0 4 6 . 5 0 . 0 - 2 2 3 6 . 6
- 1 1 4 3 . 7 - 1 2 0 4 6 . 5 0 . 0 - 2 2 3 6 . 6
- 1 1 4 3 . 7 - 1 2 0 4 6 . 5 0 . 0 - 2 2 3 6 . 6
D a y  i s  2 3 . 2 0  
S o l a r  g a i n  i s  2 3 0 0 0 .
O u t s i d e  t e m p e r a t u r e  i s  2 9 . 0 0
ACHRM i s  3 . 0 0
I n t e r f a c e  h e i g h t  i s  4 . 0 4 7 4
* * * * * * * * * * * * * * * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
QTOT(W) Q T O T T (kW) DT (C) TT < C )
— 1 6 3 1 6 . 5 1 9 . 7 3 6 7 1 7 . 0 5 2 4 4 6 . 0 5 2 4
- 1 4 6 5 3 . 0 7 . 1 8 4 8 8 . 6 9 3 5 3 7 . 6 9 3 5
- 1 5 4 8 9 . 5 7 . 5 3 7 1 8 . 9 7 5 5 3 7 . 9 7 5 5
— 1 5 4 2 5 . 9 7 . 5 7 8 7 9 . 0 0 8 5 3 8 . 0 0 8 5
— 1 5 4 2 6 . 5 7 . 5 7 2 9 9 . 0 0 3 9 3 8 . 0 0 3 9
- 1 5 4 2 6 . 8 7 . 5 7 3 2 9 . 0 0 4 1 3 8 . 0 0 4 1
- 1 5 4 2 6 . 8 7 . 5 7 3 2 9 . 0 0 4 1 3 8 . 0 0 4 1
- 1 5 4 2 6 . 8 7 . 5 7 3 2 9 . 0 0 4 1 3 8 . 0 0 4 1
- 1 5 4 2 6 . 8 7 . 5 7 3 2 9 . 0 0 4 1 3 8 . 0 0 4 1
- 1 5 4 2 6 . 8 7 . 3 7 3 2 9 . 0 0 4 1 3 8 . 0 0 4 1
* * *  + • » * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
158
+ 4 *• ■+ *  » 4  4 4 4 4 * * 4 * * + * * * * * * + 4 + * 4 * * 4 4 4 * 4 4 * *  4 * 4 4 4 + * 4 4 * 4 + 4 4 *
QT (W)
-  1 8 3 ? . 9  
- 1 5 5 0 . 2
— 1 5 5 0 . 4  
- 1 5 5 0 . 4  
- 1 5 5 0 . 4  
- 1 5 5 0 . 4  
- 3 5 5 0 . 4  
- 1 5 5 0 . 4  
- 1 5 5 0 . 4  
- 1 5 5 0 . 4
Q I N R ( W )  
- 3 1 6 4 . 2  
- 2 6 8 3 . 0  
- 2 6 8 3 . 3  
- 2 6 8 3 . 3  
- 2 6 8 3 . 3  
- 2 6 8 3 . 3  
- 2 6 8 3 . 3  
- 2 6 8 3 . 3  
- 2 6 8 3 . 3  
- 2 6 8 3 . 3
QI  NO(W> 
0 . O 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0
QGLS <W> QTQT(W)
- 4 9 5 6 . 6 - 9 9 6 0 . 7
- 3 3 2 4 . 8 —8 0 5 8 . 1
—3 3 2 5 . 5 - 8 0 5 9 . 2
- 3 8 2 5 . 5 - 8 0 5 9 . 2
- 3 8 2 5 . 5 - 8 u 5 9 . 2
—3 8 2 5 . 5 - 8 0 5 9 . 2
- 3 8 2 5 . 5 - 8 0 5 9 . 2
- 3 8 2 5 . 5 - 8 0 5 9 . 2
- 3 8 2 5 . 5 - 8 0 5 9 . 2
- 3 8 2 5 . 5 - 8 0 5 9 . 2
Q T O T T ( k W ) DT (C)
2 3 . 0 0 7 9 I S . 88 3 1
1 6 . 9 3 9 8 3 5 . 4 0 0 6
1 6 . 9 4 0 8 1 5 . 4 0 1 2
1 6 . 9 4 0 8 1 5 . 4 0 1 2
1 6 . 9 4 0 8 1 5 . 4 0 1 2
1 6 . 9 4 0 8 1 5 . 4 0 1 2
1 6 . 9 4 0 8 i 5 . 4 0 1 2
1 6 . 9 4 0 8 1 5 . 4 0 1 2
1 6 . 9 4 0 8 3 5 . 4 0 1 2
1 6 . 9 4 0 8 1 5 . 4 0 1 2
D a y  ì s  2 5 . 2 0  
S o l a r  g a i n  i s  2 5 0 0 0 .
O u t s i d e  t e m p e r a t u r e  i s  2 9 . 0 0
ACHRM i s  0 . 5 0
I n t e r f a c e  h e i g h t  i s  4 . 0 4 7 4
4  + + 4  4  4 4 * * *  +  +  * 4  4  + 4 * * + 4  4  + 4  * 4 +  + + * 4 + 4 4  4  4  4  *  4 *  4. 4  + + + * * +  + 4  *  + 4 + * + + + ,  4  + + + + + 4 4  + * 4  4
QT (W> Q I N R ( W )
- 1 5 5 0 . 4 —5 3 6 6 . 6
- 1 4 7 0 . 1 - 5 0 9 9 . 8
- 1 4 7 0 . 7 - 5 1 0 1 . 6
- 1 4 7 0 . 6 - 5 1 0 1 . 6
- 1 4 7 0 . 6 - 5 1 0 1 . 6
- 1 4 7 0 . 6 ’ - 5 1 0 1 . 6
- 1 4 7 0 . 6 - 5 1 0 1 . 6
- 1 4 7 0 . 6 - 5 1 0 1 . 6
- 1 4 7 0 . 6 - 5 1 0 1 . 6
- 1 4 7 0 . 6 - 5 1 0 1 . 6
Q I NQ ( W) QGLS(W>
0. 0 - 3 3 2 5 . 50.0 - 3 5 1 1 . 80.0 - 3 5 1 3 . 90. 0 - 3 5 1 3 . 90. 0 - 3 5 3 3 . 90.0 - 3 3 1 3 . 90.0 - 3 5 1 3 . 9
0.0 - 3 5 1 3 . 90. 0 - 3 5 3 3 . 90.0 - 3 5 1 3 . 9
QTQT(W> 
- 1 0 7 4 2 . 5  
- 1 0 0 3 1 . 7  
- 1 0 0 8 6 . 2  
- 1 0 0 3 6 . 2  
- 1 0 0 8 6 . 2  
- 1 0 0 8 6 . 2  
- 1 0 0 8 6 . 2  
- 1 0 0 8 6 . 2  
- 1 0 0 8 6 . 2  
- 1 0 0 8 6 . 2
Q T O TT ( kW )  
22.3515 
1 4 . 9 0 7 2
14.9138 
1 4 . 9 1 3 3
1 4 . 9 1 3 8
1 4 . 9 1 3 8
1 4 . 9 1 3 8
1 4 . 9 1 3 8
1 4 . 9 1 3 8
1 4 . 9 1 3 8
DT (C)  
1 8 . 8 0 2 4  
1 4 . 1 4 2 6
1 4 . 1 4 6 7
1 4 . 1 4 6 7
1 4 . 1 4 6 7
1 4 . 1 4 6 7
1 4 . 1 4 6 7
1 4 . 1 4 6 7
1 4 . 1 4 6 7
1 4 . 1 4 6 7
D a y  i s  2 5 . 2 0  
S o l a r  g a i n  i s  2 3 0 0 0 .  
O u t s i d e  t e m p e r a t u r e  
ACHRM i s  1 . 0 0  
I n t e r f a c e  h e i g h t  i s
i s  2 9 . 0 0  
4 . 0 4 7 4
* 4 * 4 4 4 * * 4 4 4 4 4 4 4 + 4 + 4 4 4 4 4 + 4 4 4 4 4 *
QT (W> Q I N R  < W) GI  N O ( W) QGLS(W) QTOT<W> QTOTT (kW) DT <C>
- 1 3 9 6 . 2 - ■ 9 7 0 8 . 3 0 . o - 3 2 2 2 . 9 - 1 4 3 2 7 . 3 ¿ 2 . 1 3 4 5 1 8 . 4 0 7 0
- 1 3 2 0 . 6 - 9 2 0 6 . 4 0 . 0 - 2 9 2 7 . 7 - 1 3 4 5 4 . 7 1 1 . 4 1 5 2 1 1 . 8 3 7 2
- 1 3 2 6 . 6 - 9 2 4 6 . 3 0 . 0 - 2 9 5 1 . 2 - 1 3 5 2 4 . 1 i 1 . 4 7 6 7 1 1 . 8 7 9 7
— 1 3 2 6 . 5 - 9 2 4 5 . 7 0 . 0 - 2 9 5 0 . 9 - 1 3 5 2 3 . 1 1 1 . 4 7 6 9 i 1 . 8 7 9 8
- 1 3 2 6 . 5 - 9 2 4 5 . 7 0 . 0 - 2 9 5 0 . 9 - 1 3 5 2 3 . 1 1 1 . 4 7 6 9 1 1 . 3 7 9 8
- 1 3 2 6 . 5 - 9 2 4 5 . 7
oo
- 2 9 5 0 . 9 - 1 3 5 2 3 ■ 1 1 1 . 4 7 6 9 1 1 . 3 7 9 8
— 1 3 2 6 . 5 - 9 2 4 5 . 7 0 . 0 - 2 9 5 0 . 9 - 1 3 5 2 3 . 1 1 1 . 4 7 6 9 1 1 . 8 7 9 8
- 1 3 2 6 . 5 - 9 2 4 5 . 7 0 . 0 - 2 9 5 0 . 9 - 1 3 5 2 3 . 1 1 1 . 4 7 6 9 1 1 . 8 7 9 8
- 1 3 2 6 . 5 - 9 2 4 5 . 7 0 . 0 - 2 9 5 0 . 9 - 1 3 5 2 3 . 1 1 1 . 4 7 6 9 1 1 . 8 7 9 8
— 3 3 2 6 .  5 - 9 2 4 5 . 7 0 . 0 - 2 9 5 0 . 9 - 1 3 5 2 3 . 1 1 1 . 4 7 6 9 1 1 . 8 7 9 3
* D a y  i s  2 3 . 2 0
S o l a r  g a i n  i s  2 5 0 0 0 .
O u t s i d e  t e m p e r a t u r e  i s  2 9 . 0 0
ACHRM i s  2 . 0 0
I n t e r f a c e  h e i g h t  i s  4 . 0 4 7 4
* * * * * *  *4. + * * * * * 4 > f  * * * * * * * * * * * * *  + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * *
QT (W> Q I N R ( W1 Q I NO ( W) QGLS fVJ 1 QTOT(W> QTOTT ! kW) DT (CI
- 1 2 6 1 . 4 - 1 3 2 1 9 . 8 0 . 0 - 2 6 9 6 . 5 - 1 7 1 7 7 . 7 2 1 . 5 6 4 5 1 8 . 0 8 9 6
- 1 1 5 9 . 5 - 1 2 2 0 4 . 0 0 . 0 - 2 2 9 8 . 3 - 1 5 6 6 1 . 8 8 . 3 9 4 1 9 . 6 4 3 6
- 1 2 0 3 . 3 - 1 2 6 3 9 . 8 0 . 0 - 2 4 6 9 . 1 - 1 6 3 1 2 . 2 8 . 7 0 6 6 9 . 8 8 1 5
- 1 2 0 0 . 5 - 1 2 6 1 2 . 3 0 . 0 - 2 4 5 8 . 4 - 1 6 2 7 1 . 2 8 . 7 3 1 0 9 . 3 9 9 9
- 1 2 0 0 . 5 - 1 2 6 1 2 . 7 0 . 0 - 2 4 5 8 . 5 - 1 6 2 7 1 . 7 3 . 7 2 8 0 9 . 8 9 7 7
- 1 2 0 0 . 5 - 1 2 6 1 2 . 8 0 . 0 - 2 4 5 3 . 5 - 1 6 2 7 1 . 8 8 . 7 2 8 2 9 . 8 9 7 8
- 1 2 0 0 .  5 - 1 2 6 1 2 . 8 0 . 0 —2 4 5 8 . 5 - 1 6 2 7 1 . 8 8 . 7 2 8 2 9 . 3 9 7 8
-  1 2 0 0 .  5 - 1 2 6 1 2 . 8 0 . 0 - 2 4 5 8 . 5 - 1 6 2 7 1 . 8 8 . 7 2 8 2 9 . 8 9 7 8
- 1 2 0 0 . 5 - 1 2 6 1 2 . 8 0 . 0 - 2 4 5 8 . 5 - 1 6 2 7 1 . 8 8 . 7 2 8 2 9 . 8 9 7 8
- 1 2 0 0 . 5 - 1 2 6 1 2 . 3 0 . 0 - 2 4 5 8 . 5 - 1 6 2 7 1 . 8 3 . 7 2 8 2 9 . 3 9 7 8
D a y  i s  2 5 . 2 0  
S o l a r  g a i n  i s  2 3 0 0 0 .
O u t s i d e  t e m p e r a t u r e  i s  2 9 . 0 0
ACHRM i s  3 . 0 0
I n t e r f a c e  h e i g h t  i s  4 . 0 4 7 4
4 4 4 4 + - # 4 4 * 4  +  4 +  4 4 4  4  +  4 4  +  4  +  *  + 4 4 4 + 4 4 4  4  + 4 4 4  +  4 4 + 4 4  4 4 4 4 4 4 4 4  4  4 4 4  4  4  4 4 + 4  4 4  + 4 +  4 4 +  4 + 4
+ *  *4 4 * 4 4 + 4
TX ( 0 )  
4 7 . 3S 8 1  
4 4 . 4 0 0 6
4 4 . 4 0 1 2  
4 4 . 4 0  3 2  
4 4 . 4 0 3 2
4 4 . 4 0 1 2
4 4 . 4 0 1 2  
4 4 . 4 0 1  2
4 4 . 4 0 1 2
44.4012
M * * * * * * *
TT (C)  
4 7 . 3 0 2 4  
4 3 . 1 4 2 6  
4 3 . 1 4 6 8
4 3 . 1 4 6 7
4 3 . 1 4 6 7
4 3 . 1 4 6 7
4 3 . 1 4 6 7
4 3 . 1 4 6 7
4 3 . 1 4 6 7
4 3 . 1 4 6 7
4 4 4 * 4 4 * 4
TT ( C )  
4 7 . 4 0 7 0  
4 0 . 8 3 7 2
4 0 . 3 7 9 7
4 0 . 3 7 9 8
4 0 . 8 7 9 8
4 0 . 8 7 9 8
4 0 . 8 7 9 8
4 0 . 8 7 9 9  
4 0 . 8 7 9 3  
4 0 . 8 7 9 8
4 + 4 4 4 4 4 4
TT (C I  
4 7 . 0 8 9 6  
3 8 . 6 4 3 6  
3 8 . 8 8 1 5  
3 8 . 8 9 9 9
3 8 . 8 9 7 7
3 8 . 8 9 7 8
3 8 . 8 9 7 8  
3 8 . 3 9 7 8
3 8 . 8 9 7 8  
3 8 . 8 9 7 3
159
* * * * * * * * * * * * * * * * * * * * * * * * * * l|,***, |i
QT (W) Q I N R  <W) QI  N O ( W) QGLS <W> QTOT(W) Q T O T T ( k W ) DT (C> TT (C)
5 4 9 . 9 2 2 1 5 . 3 0 . 0 - 1 8 6 9 . 6 8 9 5 . 6 6 . 1 7 9 1 7 . 8 6 2 1 2 2 . 8 6 2 1
5 0 8 . 3 2 0 7 6 . 8
OO
- 2 0 3 2 . 4 5 5 2 . 7 6 . 5 5 4 8 8 . 1 7 7 6 2 3 . 1 7 7 6
5 0 8 . 5 2 0 7 7 . 8 0 . 0 - 2 0 3 1 . 3 5 5 5 .  0 6 . 5 5 5 0 8 . 1 7 7 8 2 3 . 1 7 7 8
5 0 8 . 5 2 0 7 7 . 8 0 . 0 - 2 0 3 1 . 3 5 5 5 .  0 6 , 5 5 5 0 8 . 1 7 7 8 2 3 . 1 7 7 8
5 0 8 . 5 2 0 7 7 . 8 0 . 0 - 2 0 3 1 . 3 5 5 5 . 0 6 . 5 5 5 0 8 . 1 7 7 8 2 3 . 1 7 7 8
5 0 8 . 5 2 0 7 7 . 8 0 . 0 - 2 0 3 1 . 3 5 5 5  ■ 0 6 . 5 5 5 0 8 . 1 7 7 8 2 3 . 1 7 7 8
5 0 8 .  5 2 0 7 7 . 8 0 . 0 - 2 0 3 1 . 3 5 5 5 .  0 6 . 5 5 5 0 8 . 1 7 7 8 2 3 . 1 7 7 8
5 0 8 . 5 2 0 7 7 . 8 0 . 0 - 2 0 3 1 . 3 5 5 5 .  0 6 . 5 5 5 0 8 . 1 7 7 8 2 3 . 1 7 7 8
5 0 8 . 5 2 0 7 7 . 8 0 . 0 - 2 0 3 1 . 3 ■—) >—i o .  0 6 . 5 5 5 0 8 . 1 7 7 8 2 3 . 1 7 7 B
5 0 8 . 5 2 0 7 7 . 8
00
- 2 0 3 1 . 3 5 5 5 .  0 6 . 5 5 5 0 8 . 1 7 7 8 2 3 . 1 7 7 8
D a y  i s  2 9 , 8 0  
S o l a r  g a i n  i s  6 0 0 0 .
O u t s i d e  t e m p e r a t u r e  i s  1 5 . 0 0
ACHRI i  i s  1 . 0 0
I n t e r f a c e  h e i g h t  i s  4 . 0 4 7 4
♦  » f r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ * . . * * , ^ * . ^ , ^ ^ ^ ^ ^ . ! , , ^ ^ . ^ , ^ ^ ; ^ ^ .
QT (W> Q I N R ( W) Q I N O ( W) QGLS(W) QTOT(W) QTOTT CkW) DT (C) TT (C)
4 7 2 . 9 3 9 1 8 . 5 0 . 0 - 2 1 7 0 . 7 2 2 2 0 . 7 6 . 4 4 4 1 Ì3. 0 8 5 3 2 3 . 0 8 5 3
4 3 9 . 5 3 6 9 7 . 0 0 . 0 - 2 3 0 0 . 9 1 8 3 5 . 6 7 . 8 7 1 3 9 . 2 3 8 9 2 4 . 2 3 8 9
4 4 1 . 7 3 7 1 1 . 3 0 . 0 - 2 2 9 2 . 5 I 8 6 0 . 5 7 . 8 6 0 3 9 . 2 3 0 3 2 4 . 2 3 0 3
4 4 1 . 6 3 7 1 1 . 0 0 . 0 - 2 2 9 2 . 7 i 8 6 0 . 0 7 . 8 6 0 0 9 . 2 3 0 0 2 4 . 2 3 0 0
4 4 1 . 6 3 7 1 1 . 0 0 . 0 - 2 2 9 2 . 7 1 8 6 0 . 0 7 . 8 6 0 0 9 . 2 3 0 0 2 4 . 2 3 0 0
4 4 1 . 6 3 7 1 1 . 0 0 . 0 - 2 2 9 2 . 7 1 8 6 0 . 0 7 . 8 6 0 0 9 . 2 3 0 0 2 4 . 2 3 0 0
4 4 1 . 6 3 7 1 1 . 0 0 . 0 - 2 2 9 2 . 7 1 8 6 0 . 0 7 . 3 6 0 0 9 . 2 3 0 0 2 4 . 2 3 0 0
4 4 1 . 6 3 7 1 1 . 0 0 . 0 - 2 2 9 2 . 7 1 8 6 0 . 0 7 . 8 6 0 0 9 . 2 3 0 0 2 4 . 2 3 0 0
4 4 1 . 6 3 7 1  1 . 0 0 . 0 - 2 2 9 2 . 7 1 3 6 0 . 0 7 . 3 6 0 0 9 . 2 3 0 0 2 4 . 2 3 0 0
4 4 1 . 6 3 7 1 1 . 0 0 . 0 - 2 2 9 2 . 7 1 8 6 0 . 0 7 . 8 6 0 0 9 . 2 3 0 0 2 4 . 2 3 0 0
D a y  i s  2 9 . 8 0
S o l a r  g a i n i s  6 0 0 0 .
O u t s i d e  t e m p e r a t u r e i s  1 3 . 0 0
ACHRM i s 2 . 0 0
I n t e r f a c e h e i g h t  i s 4 . 0 4 7 4
* * * * * * * * *  * * * * + • * * * * > > '  + * * * +  + *  *  + + + * * * 4 - *  + *  + * * i } * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
QT (W) Q I N R ( W ) Q I NO < W) QGLS(W) QTOT <W> QTOTT(kW> DT tC) TT <C)
4 1 4 . 0 5 2 9 0 . 8 0 . 0 - 2 4 0 0 . 8 3 3 0 4 . 1 6 . 6 6 0 3 8 . 2 6 5 5 2 3 . 2 6 5 5
3 8 1 . 2 4 9 6 3 . 7 0 . 0 - 2 5 2 9 . 0 2 8 1 5 . 9 8 . 9 8 8 1 1 0 . 0 9 3 4 2 5 . 0 9 3 3
3 8 9 . 7 5 0 4 9 . 0 0 . 0 - 2 4 9 5 . 6 2 9 4 3 . 1 8 . 9 4 0 6 1 0 . 0 5 7 8 2 5 . 0 5 7 8
3 8 9 . 2 5 0 4 4 . 2
OO
- 2 4 9 7 . 4 2 9 3 6 . 0 8 . 9 3 5 6 1 0 . 0 5 4 0 2 5 . 0 5 4 0
3 8 9 . 2 5 0 4 4 . 2 0 . 0 - 2 4 9 7 . 4 2 9 3 6 . 0 8 . 9 3 6 1 1 0 . 0 5 4 4 2 5 . 0 5 4 4
3 8 9 .  2 5 0 4 4 . 3 0 . 0 - 2 4 9 7 . 4 2 9 3 6 .  1 3 . 9 3 6 1 1 0 . 0 5 4 4 2 5 . 0 5 4 4
3 8 9 .  2 5 0 4 4 . 3 0 . 0 - 2 4 9 7 . 4 2 9 3 6 .  1 8 . 9 3 6 1 1 0 . 0 5 4 4 2 5 . 0 5 4 4
3 8 9 . 2 5 0 4 4 . 3 0 . 0 - 2 4 9 7 . 4 2 9 3 6 . 1 8 . 9 3 6 1 1 0 . 0 5 4 4 2 5 . 0 5 4 4
3 8 9 . 2 5 0 4 4 . 3 0 . 0 - 2 4 9 7 . 4 2 9 3 6 . 1 8 . 9 3 6 1 1 0 . 0 5 4 4 2 5 . 0 5 4 4
3 8 9 . 2 5 0 4 4 . 3 0 . 0 - 2 4 9 7 . 4 2 9 3 6 .  1 8 . 9 3 6 1 1 0 . 0 5 4 4 2 5 . 0 5 4 4
D a y  i s  2 9 . 3 0  
S o l a r  g a i n  i s  6 0 0 0 .
O u t s i d e  t e m p e r a t u r e  i s  1 5 . 0 0
ACHRM i s  3 . 0 0
I n t e r f a c e  h e i g h t  i s  4 . 0 4 7 4
* * * * * * * *  *******+*+++**+***+*++» * * * * * * * *  •**** + + ** + + ** + *** + ** + + + * ♦•* + * + *********"■ + **
QT <W) Q I N R ( W) Q I N O ( W > QGLS(W)
2 6 5 .  7 8 8 9 6 . 6 0 . 0 - 2 9 8 0 . 2
7 2 .  1 4 3 9 4 . 9 0 . 0 - 3 7 3 6 . 5
3 5 7 . 7 1 1 0 3 6 .  1 0 . 0 - 2 6 2 0 . 7
3 5 3 . 6 1 0 9 4 1 . 2 0 . 0 - 2 6 3 6 . 7
1 1 8 . 1 5 4 6 3 . 5 0 . 0 - 3 5 5 7 . 0
2 5 7 .  7 8 7 1 0 . 0 0 . 0 - 3 0 1 1 . 5
3 6 9 . 0 1 1 2 9 8 . 0 0 . 0 — ¿’5 7 6 .  7
1 8 8 . 4 7 0 9 8 .  1 0 . 0 - 3 2 8 2 . 4
2 0 5 . 3 7 4 9 2 . 5 0 . 0 - 3 2 1 6 . 1
3 3 9 .  5 1 0 6 1 2 . 7 0 . 0 - 2 6 9 1 . 9
QTOT(W) Q T O TT ( kW ) DT (C) TT (C)
6 1 8 2 . 1 7 . 2 3 6 4 8 . 7 3 5 1 2 3 . 7 3 5 1
7 3 0 . 5 1 2 . 5 9 1 0 1 2 . 6 3 6 8 2 7 . 6 3 6 8
9 7 7 3 . 1 1 5 . 5 8 0 0 1 4 . 5 6 5 0 2 9 . 5 6 5 0
3 6 5 8 . 2 9 . 2 7 5 5 1 0 . 3 0 7 4 2 5 . 3 0 7 4
2 0 2 4 . 6 1 0 . 4 9 9 5 1 1 . 1 9 5 4 2 6 . 1 9 5 4
5 9 5 6 . 2 1 4 . 9 4 8 0 1 4 . 1 6 8 4 2 9 . 1 6 8 4
9 0 9 0 . 2 1 1 . 2 8 8 9 1 1 . 7 4 9 7 2 6 . 7 4 9 7
4 0 0 4 .  1 9 . 8 5 7 3 1 0 . 7 3 4  1 2 5 . 7 3 4 1
4 4 8 1 . 8 1 3 . 6 0 4 6 1 3 . 3 0 6 2 2 8 . 3 0 6 2
8 2 6 0 . 3 1 2 . 5 5 8 4 1 2 . 6 1 5 0 2 7 . 6 1 5 0
D a y  i s  2 9 . 8 0  
S o l a r  g a i n  i s  6 0 0 0 .
O u t s i d e  t e m p e r a i  u r e  i s  1 5 . 0 0  
ACHRM i 5 7 . 0 0
I n t e r f a c e  h e i g h t  i s  4 . 0 4 7 4  
* * * * * *  * * * * * * * * * * * * * * * * *  + * * * *  + * * * : *>).-***>+:**** 4- * * * * * * * * * *
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* * * * *  * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * + ♦ * + * * + + * + *  » + * + + * * * * * * * * * * * + *
QT <W) QI  NR < W) QI  N O ( W) QGLS(W) QT OT<W) QTOTTCkW) DT (C) TT CC)
4 3 3 . 5 1 8 2 8 . 6 0 . 0 - 2 3 2 4 . 4 - 6 2 .  2 8 . 9 8 7 6 1 0 . 0 9 3 0 2 5 . 0 9 3 0
4 0 1 . 7 1 7 2 2 . 8 0 . 0 - 2 4 4 8 . 8 - 3 2 4 . 4 8 . 6 7 4 4 9 . 8 5 7 1 2 4 . 8 5 7 1
4 0 1 . 7 1 7 2 2 . 8 0 . 0 - 2 4 4 8 . 7 - 3 2 4 . 1 8 . 6 7 5 9 9 . 8 5 8 2 2 4 . 8 5 8 2
4 0 1 . 7 1 7 2 2 . 8 0 . 0 - 2 4 4 8 . 7 - 3 2 4 . 1 8 . 6 7 5 9 9 . 8 5 3 2 2 4 . 8 5 8 2
4 0 1 . 7 1 7 2 2 . 8 0 . 0 - 2 4 4 8 . 7 - 3 2 4 . 1 8 . 6 7 5 9 9 . 8 5 3 2 2 4 . 8 5 8 2
4 0 1 . 7 1 7 2 2 . 8 0 . 0 - 2 4 4 8 . 7 - 3 2 4 . 1 8 . 6 7 5 9 9 . 6 5 8 2 2 4 . 8 5 8 2
4 0 1 . 7 1 7 2 2 . 8 (7. 0 - 2 4 4 8 . 7 - 3 2 4 . 1 8 . 6 7 5 9 9 . 8 5 8 2 2 4 . 8 5 8 2
4 0 1 . 7 1 7 2 2 . 8 0 . 0 - 2 4 4 8 . 7 - 3 2 4 . 1 3 . 6 7 5 9 9 . 8 5 3 2 2 4 . 8 5 8 2
4 0 1 . 7 1 7 2 2 . 8 0 . 0 - 2 4 4 8 . 7 - 3 2 4 . 1 8 . 6 7 5 9 9 . 8 5 8 2 2 4 . 3 5 8 2
4 0 1 . 7 1 7 2 2 . 8 0 . 0 - 2 4 4 3 . 7 - 3 2 4 . 1 8 . 6 7 5 9 9 . 8 5 8 2 2 4 . 8 5 8 2
D a y  i s  2 9 , 3 0  
S o l a r  s a i n  i s  9 0 0 0 .
O u t s i d e  t e m p e r a t u r e  i s  1 5 . 0 0
ACHRM i s  1 . 0 0
I n t e r - f a c e  h e i g h t  i s  4 . 0 4 7 4
+ + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * + * * * * * * * * * * + * * * * * * ♦ * * * * * * + * + * * * * * + * * * * * * * * * + * +
QT (W) Q I NR (W) QI  N O ( W) QGLS(W) QTOT<W> QTOTT CkW) DT (C) I T  ( C )
3 7 3 . 8 3 2 6 0 . 4 0 . 0 - 2 5 5 7 . 7 1 0 7 6 .  5 9 . 2 1 5 3 1 0 . 2 6 2 8 2 5 . 2 6 2 8
3 4 8 . 4 3 0 9 1 . 5 0 . 0 - 2 6 5 7 . 0 7 8 3 .  0 9 . 7 9 2 5 1 0 . 6 8 6 9 2 5 . 6 3 6 9
3 4 9 .  1 3 0 9 6 . 2 0 . 0 —2 6 5 4 . 2 7 9 1 . 0 9 . 7 9 1 0 1 0 . 6 8 5 9 2 5 . 6 8 5 9
3 4 9 .  1 3 0 9 6 . 1 0 . 0 - 2 6 5 4 . 3 7 9 0 . 9 9 . 7 9 0 9 1 0 . 6 8 5 8 2 5 .  ¿-.858
3 4 9 .  1 3 0 9 6 . 1 0 . 0 - 2 6 5 4 . 3 7 9 0 .  9 9 . 7 9 0 9 1 0 . 6 8 5 8 2 5 . 6 8 5 8
3 4 9 .  1 3 0 9 6 . 1 O O - 2 6 5 4 . 3 7 9 0 .  9 9 . 7 9 0 9 1 0 . 6 8 5 8 2 5 . 6 8 5 8
3 4 9 .  1 3 0 9 6 . 1 0 . 0 - 2 6 5 4 . 3 7 9 0 .  9 9 . 7 9 0 9 1 0 . 6 8 5 8 2 5 . 6 8 5 8
3 4 9 .  1 3 0 9 6 . 1 0 0 —2 6 5 4 . 3 7 9 0 . 9 9 . 7 9 0 9 1 0 . 6 8 5 8 2 5 . 6 8 5 8
3 4 9 .  1 3 0 9 6 . 1 0 . 0 - 2 6 5 4 . 3 7 9 0 .  9 9 . 7 9 0 9 1 0 . 6 8 5 8 2 5 . 6 8 5 8
3 4 9 .  1 3 0 9 6 . 1 0 . 0 - 2 6 5 4 . 3 7 9 0 .  9 9 . 7 9 0 9 1 0 . 6 8 5 8 2 5 . 6 8 5 8
D a y  i  s  2 9 .  9 0  
S o l a r  g a i n  i s  9 0 0 0 .
O u t s i d e  t e m p e r a t u r e  i s  1 5 . 0 0
ACHRM i s  2 . 0 0
I n t e r f a c e  h e i g h t  i s  4 . 0 4 7 4******** ******************** ********** * * * + ****** *•*• ****** ******** ******** * * * *****
QT CW) QI  N R ( W) Q I N D ( W ) QGLS CW) QTOT <W) QTOTT <kW> DT <C) TT (C)
3 2 7 . 0 4 4 2 3 . 8 0 . 0 - 2 7 4 0 . 7 2 0 1 0 . 1 9 . 4 0 2 0 1 0 . 4 0 0 9 2 5 . 4 0 0 9
3 0 3 . 6 4 1 9 1 . 1 0 . 0 - 2 8 3 1 . 9 1 6 6 2 . 8 1 0 . 7 3 3 6 1 1 . 3 6 1 2 2 6 . 3 6 1 2
3 0 7 . 2 4 2 2 6 . 6 0 . 0 - 2 8 1 8 . 0 1 7 1 5 . 8 1 0 . 7 1 5 1 1 1 . 3 4 8 2 2 6 . 3 4 8 2
3 0 7  . 1 4 2 2 5 . 1 0 . 0 - 2 8 1 8 . 5 1 7 1 3 . 7 1 0 . 7 1 3 6 1 1 . 3 4 7 0 2 6 . 3 4 7 0
3 0 7 .  1 4 2 2 5 . 2 0 . 0 - 2 8 1 8 . 5 1 7 1 3 . 7 1 0 . 7 1 3 7 1 1 . 3 4 7 1 2 6 . 3 4 7 1
3 0 7 . 1 4 2 2 5 . 2 0 . 0 ~ 2 8 1 8 . 5 1 7 1 3 . 7 1 0 . 7 1 3 7 1 1 . 3 4 7 1 2 6 . 3 4 7 1
3 0 7  . 1 4 2 2 5 . 2 0 . 0 - 2 8 1 8 . 5 1 7 1 3 . 7 1 0 . 7 1 3 7 1 1 . 3 4 7 1 2 6 . 3 4 7  1
3 0 7 . 1 4 2 2 5 . 2 0 . 0 - 2 8 1 8 . 5 1 7 1 3 . 7 1 0 . 7 1 3 7 1 1 . 3 4 7 1 2 6 . 3 4 7 1
3 0 7 . 1 4 2 2 5 . 2 0 . 0 - 2 8 1 8 . 5 1 7 1 3 . 7 1 0 . 7 1 3 7 1 1 . 3 4 7 1 2 6 . 3 4 7 1
3 0 7 . 1 4 2 2 5 . 2 0 . 0 - 2 3 1 8 . 5 1 7 1 3 . 7 1 0 . 7 1 3 7 1 1 . 3 4 7 1 2 6 . 3 4 7 1
Cia y  i s  2 9  . SO 
S o l a r  g a i n  i s  9 0 0 0 .
O u t s i d e  t e m p e r a t u r e  i s  1 5 . 0 0  
ACHRM i s  3 . 0 0
I / i t e r f a c e  h e i g h t  i s  4 . 0 4  74  .
** .+ + . * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * *  * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * *
QT CW) i.T I NR ( W ) i2 I NO ( W) QGLS CW)
2 0 7 . 2 7 5 3 7 . 3 0 .  0 - 3 2 0 8 . 6
9 0 .  ? 4 8 3 2 . 1 0 .  0 - 3 6 6 3 .  1
2 4  7 . 4 8 4 7 1 . 0 0 .  0 - 3 0 5 1 . 7
2 3  1 . 6 8 1 0 3 . 9 0 . 0 - 3 1 1 3 . 4
1 5 2 . 1 6 2 5 4 . 9 0 . 0 - 3 4 2 4 . 0
2 0 1 . 6 7 4 0 6 . 7 0 .  (.1 - 3 2 3 0 . 5
2 2 0 . 0 7 8 3 3 . 7 0 . 0 - 3 1 5 8 . 8
1 8 3 . 0 6 9 7 4 . 0 0  . (.7 - 3 3 0 3 . 2
I 9 2 . 0 7 1 8 1 . 9 0 . 0 - 3 2 6 8 . 3
2 0 7 . 7 7 5 4 8 . 0 0 .  0 - 3 2 0 6 . 8
D a y  i s  2 9 . SO 
S o l a r  g a i n  i s  9 0 0 0 .
O u t s i d e  t e m p e r a t u r e  i s  1 5 . 0 0  
ACHRM i s  7 . 0 0  
I n t e r f a c e  h e i g h t  i s  4 . 0 4 7 4
* + + * : * * ■ * *  + +  *>*« +  4'-♦ * '4 ; 4 ' 4 ’ J ^ * * * ^ * * * * ^  * 4 * 4  4 4 4 4 4 !
QTOT(W> QTOTT CkW) DT CC) TT (C)
4 5 3 6 . 0 9 . 9 0 7 2 1 0 . 7 7 0 3 2 5 . 7 7 0 3
1 2 6 0 . 0 1 3 . 6 8 3 5 1 3 . 3 5 7 6 2 8 . 3 5 7 6
5 6 6 6 . 7 1 4 . 9 6 4 4 1 4 . 1 7 8 7 2 9 . 1 7 8 7
5 2 2 2 . 1 1 2 . 1 5 2 4 1 2 . 3 4 1 5 2 7 . 3 4 1 5
2 9 8 3 . 0 1 2 . 3 8 7 0 1 2 . 3 3 4 1 2 7 . 8 3 4 1
4 3 7 7 . 8 1 4 . 0 5 9 0 1 3 . 6 0 0 9 2 8 . 6 0 0 9
4 8 9 4 . 9 1 3 . 0 4 2 0 1 2 . 9 3 6 7 2 7 . 9 3 6 7
3 8 5 3 . 8 1 2 . 9 1 9 6 1 2 . 8 5 5 7 2 7 . 8 5 5 7
4 1 0 5 . 6 1  3  . 54  1 £i 1 3 . 2 6 5 1 2 8 . 2 6 5 1
4 5 4 8 . 9 1 3 , 2 S 7 6 1 3 . 0 8 3 8 2 3 . 0 9 8 8
* *  .+ 4 4 4 4 4 4  4 4  4  4 4 4  4  4 4 4 4 4 4  4 + 4 4 * 4  4 4  4 4 4 4 4 4 4 4 4 .
161
* * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
QT (W) QI  N R ( W > Q I N O ( W> QGLS <W> QT OT<W) QT QTT( k W> DT ( C) TT ( C >
3 2 5 . 2 1 4 6 8 . 7 0 . 0 - 2 7 4 7 . 6 - 9 5 3 . 7 1 1 . 8 0 9 3 1 2 . 1 0 8 1 2 7 . 1 0 8 1
3 0 1 . 1 1 3 8 8 . 7 o o - 2 8 4 1 . 7 - 1 1 5 1 . 9 1 0 . 8 4 3 6 1 1 . 4 4 0 1 2 6 . 4 4 0 1
3 0 1 . 1 1 3 8 8 . 5 0 . 0 - 2 8 4 2 . 0 - 1 1 5 2 . 4 1 0 . 8 4 7 6 1 1 . 4 4 1 5 2 6 . 4 4 1 5
3 0 1 . 1 1 3 8 8 . 5 0 . 0 - 2 3 4 2 . 0 - 1 1 5 2 . 4 1 0 . 8 4 7 6 1 1 . 4 4 1 5 2 6 . 4 4 1 5
3 0 1 . 1 1 3 8 8 . 3 0 . 0 - 2 3 4 2 . 0 - 1 1 5 2 . 4 l O . 8 4 7 6 1 1 . 4 4 1 5 2 6 . 4 4 1 5
3 0 1 . 1 1 3 8 8 . 5 0 . 0 - 2 8 4 2 . 0 - 1 1 5 2 . 4 1 0 . 8 4 7 6 1 1 . 4 4 1 5 2 6 . 4 4 1 5
3 0 1 . 1 1 3 8 8 . 5 0 . 0 - 2 8 4 2 . 0 - 1 3 5 2 . 4 1 0 . 8 4 7 6 1 1 . 4 4 1 5 2 6 . 4 4 1 5
3 0 1 . 1 1 3 8 8 . 5 0 . 0 - 2 8 4 2 . 0 - 1 1 5 2 . 4 1 0 . 8 4 7 6 1 1 . 4 4 1 5 2 6 . 4 4 1 5
3 0 1 . 1 3 3 8 8 . 5 0 . 0 - 2 8 4 2 . 0 - 1 1 5 2 . 4 1 0 . 3 4 7 6 1 1 . 4 4 1 5 2 6 . 4 4 1 5
3 0 1 . 1 1 3 8 8 . 5 o o - 2 8 4 2 . 0 - 1 1 5 2 . 4 1 0 . 8 4 7 6 1 1 . 4 4 1 5 2 6 . 4 4 1 5
D a y  i s  2 9 . 8 0  
S o l a r  g a i n  i s  1 2 0 0 0 .
O u t s i d e  t e m p e r a t u r e  i s  1 5 . 0 0
ACHRM i s  1 . 0 0
I n t e r - f a c e  h e i g h t  i s  4 . 0 4 7 4
* * * * * * * * *  * * * * * * * * * * * * * * * * * * * * *  *. * * * * * * * * *  * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * *  * *  * *• *  * *
QT <W> G I N R ( W ) Q I N O  < W > QGLS(W) QT OT(W> QTQTT f kW) DT (C) TT (C)
2 7 9 .  7 2 6 3 4 . 7 0 . 0 —2 9 2 5 . 6 - 1 1 . 3 1 1 . 9 9 7 7 1 2 . 2 3 6 6 2 7 . 2 3 6 6
2 6 0 . 5 2 5 0 7 . 2 0 . 0 - 3 0 0 0 . 6 - 2 3 2 . 9 1 1 . 7 6 3 8 1 2 . 0 7 7 0 2 7 . 0 7 7 0
2 6 0 . 5 2 5 0 7 . 4 0 . 0 — 3 0 0 0 ■ 5 - 2 3 2 . 6 1 1 . 7 6 7 5 1 2 . 0 7 9 5 2 7 . 0 7 9 5
2 6 0 . 5 2 5 0 7 . 4 0 . 0 - 3 0 0 0 . 5 - 2 3 2 . 5 1 1 . 7 6 7 5 1 2 . 0 7 9 5 2 7 . 0 7 9 5
2 6 0 .  5 2 5 0 7 . 4 0 . 0 - 3 0 0 0 . 5 —2 3 2 . 5 1 1 . 7 6 7 5 1 2 . 0 7 9 5 2 7 . 0 7 9 5
2 6 0 .  5 2 5 0 7 . 4 0 . 0 - 3 0 0 0 . 5 - 2 3 2 . 5 1 1 . 7 6 7 5 1 2 . 0 7 9 5 2 7 . 0 7 9 5
2 6 0 . 5 2 5 0 7 . 4 0 . 0 - 3 0 0 0 . 5 - 2 3 2 . 5 1 1 . 7 6 7 5 1 2 . 0 7 9 5 2 7 . 0 7 9 5
2 6 0 . 5 2 5 0 7 . 4 0 . 0 — 3 o 0 0 . 5 —2 3 2 . 5 1 1 . 7 6 7 5 1 2 . 0 7 9 5 2 7 . 0 7 9 5
2 6 0 . 5 2 5 0 7 . 4 0 . 0 - 3 0 0 0 . 5 - 2 3 2 . 5 1 1 . 7 6 7 5 1 2 . 0 7 9 5 2 7 . 0 7 9 5
2 6 0 . 5 2 5 0 7 . 4 0 . 0 - 3 0 0 0 . 5 - 2 3 2 . 5 i 1 . 7 6 7 5 1 2 . 0 7 9 5 2 7 . 0 7 9 5
D a y  i s  2 9 . 8 0  
S o l a r  g a i n  i s  1 2 0 0 0 .
O u t s i d e  t e m p e r a t u r e  i s  1 5 . 0 0
ACHRM i s  2 . 0 0
I n t e r f a c e  h e i g h t  i s  4 . 0 4 7 4
4 4 4  + + * 4 * 4  * 4  4‘ + + 4 * 4 4 4 + 4 4 4 4 * 444.  * * * *  + 4.-+'+ 4 4 4 4 4 4 4 4  4.44 4. 4 4 4 4 4 4 4
QT <W) QI  N R ( W) Q IN O( W) Q G L S ( W) QTOT(W> QTOTT (kW> DT (C) TT (C)
2 4 3 . 2 3 5 8 9 . 1 0 . 0 - 3 0 6 7 . 9 7 6 4 . 5 1 2 . 1 5 2 9 3 2 . 3 4 1 9 2 7 . 3 4 1 9
2 2 6 . 6 3 4 2 3 . 6 0 . 0 - 3 1 3 2 . 8 5 1 7 . 5 1 2 . 5 3 2 1 1 2 . 5 9 7 3 2 7 . 5 9 7 3
2 2 7 . 6 3 4 3 3 . 4 0 . o - 3 1 2 8 , 9 5 3 2 .  1 1 2 . 5 3 2 2 1 2 . 5 9 7 4 2 7 . 5 9 7 4
2 2 7 . 6 3 4 3 3 . 2 0 . o - 3 1 2 9 . 0 5 3 1 . 8 1 2 . 5 3 1 7 1 2 . 5 9 7 1 2 7 . 5 9 7 1
2 2 7 . 6 3 4 3 3 . 2 0 . 0 - 3 1 2 9 . 0 5 3 1 . 8 1 2 . 5 3 1 8 1 2 . 5 9 7 1 2 7 . 5 9 7 1
2 2 7 . 6 3 4 3 3 . 2 0 . 0 - 3 1 2 9 . 0 5 3 1 . 8 1 2 . 5 3 3 8 1 2 . 5 9 7 1 2 7 . 5 9 7 1
2 2 7 . 6 3 4 3 3 . 2 0 . 0 - 3 1 2 9 . 0 5 3  1 . 8 1 2 . 5 3 1 8 1 2 . 5 9 7 1 2 7 . 5 9 7 1
2 2 7 . 6 3 4 3 3 . 2 0 . 0 - 3 1 2 ? . 0 53 1  . a 1 2 . 5 3 1 8 1 2 . 5 9 7 1 2 7 . 5 9 7 1
2 2 7 . 6 3 4 3 3 . 2 0 . 0 - 3 1 2 9 . 0 5 3 1 . 8 1 2 . 5 3 1 8 1 2 . 5 9 7 1 2 7 . 5 9 7 1
2  2  7 . 6 3 4 3 3 . 2 0 . 0 - 3 ) 2 ? . 0 5 3 1 . 3 1 2 . 5 3 1 8 1 2 . 5 9 7 1 2 7 . 5 9 7 1
D a y  ¡ s  2 9 . aO 
S o l a r  g a i n  i s  1 2 0 0 0 .
O u t s : de t  e r np e r  a t  u r e i s  15 .  o;;
ACHRM i s 3 .  0 0
I n t e r f a c e  h e i g h t  i s 4 . 0 4 7 4
* * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * •+■***  + * * * 4 4 4  >f if 4 * 4 4  4. 4  4 4  4 4  + 4  4 4  * 4. 4 4 4 4 4 4 4 4  4: 4 4 *  4 4 f  4' 4. 4 4
QT <W> Q I N R ( W > Q I NO ( W) QGLS(W) QTOT (W) Q T O T T ( k W ) DT <C> TT (C)
1 4 8 . 3 6 1 6 7 . 0 0 . 0 - 3 4 3 8 . . 8 2 8 7 6 . 5 1 2 . 5 7 5 3 1 2 . 6 2 6 3 2 7 . 6 2 6 3
8 5 .  5 4 7 0 5 . 8 0 . 0 - 3 6 8 4 . 3 1 1 0 7 . 0 1 4 . 8 6 2 7 1 4 . 1 1 4 4 2 9 . 1 1 4 4
1 6 2 . 0 6 4 8 5 . 7 0 . 0 - 3 3 8 5 . 3 3 2 6 2 . 4 1 5 . 3 7 5 9 1 4 . 4 3 7 5 2 9 . 4 3 7 5
1 5 1 . 7 6 2 4 5 . 2 0 . 0 - 3 4 2 5 . 7 2 9 7 1 . 2 1 4 . 2 2 1 6 3 3 . 7 0 5 6 2 8 . 7 0 5 6
1 2 6 . 0 5 6 4 7 . 9 0 . 0 —3 5 2 6 . 0 2 2 4 7 . 8 1 4 . 5 4 8 3 1 3 . 9 1 4 7 2 8 . 9 1 4 7
1 4 1 . 9 6 0 1 7 . 2 0 . 0 - 3 4 6 4 . 0 2 6 9 5 . 1 1 4 . 8 5 3 4 1 4 . 1 0 8 6 2 9 . 1 0 8 6
1 4 4 . 7 6 0 8 3 . 2 0 . 0 - 3 4 5 2 . 9 2 7 7 5 . 1 1 4 . 5 8 3 3 1 3 . 9 3 7 0 2 8 . 9 3 7 0
1 3 7 . 1 5 9 0 6 . 6 0 . 0 - 3 4 8 2 . 5 2 5 6 1 . 2 1 4 . 5 8 6 9 3 3 . 9 3 9 3 2 8 . 9 3 9 3
1 3 9 . 5 5 9 6 1 . 8 0 . 0 - 3 4 7 3 . 3 2 6 2 8 . 0 1 4 . 6 9 1 9 1 4 . 0 0 6 1 2 9 . 0 0 6 1
1 4 1 . 4 6 0 0 6 . 2 C>. 0 - 3 4 6 5 . 8 2 6 8 1 . 8 1 4 . 6 4 2 2 1 3 . 9 7 4 4 2 8 . 9 7 4 4
D a y  i s  2 9 . 8 0
5 o l a r  g a i n  i s  1 2 0 0 0 .
O u t s i d e  t e m p e r a t u r e  i s  1 5 . 0 0  
ACHRM i s  7 . 0 0  
I n t e r f a c e  h e i g h t  i s  4 . 0 4 7 4  
* + * * + + * * * * * * * + * * * * * * * * + * * + * * * : * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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APPENDIX I
RECORD OF COLLECTED DATA
1 ) ITC DATA
NAME OF FILE ON DISK COMMENTS
ite 8/8/91 ITC RAW DATA 1 No problems
ite 16/8/91 ITC RAW DATA 1 No data (flat battery)
ite 22/8/91 ITC RAW DATA 1 No reading for No.3
ite 26/8/9 l.mak ITC RAW DATA 2 No reading for No.3
ite 30/8/91 ITC RAW DATA 2 No.3 and No.6 
incorrect readings
ite 3/9/91 ITC RAW DATA 2 No problems
ite 6/9/91 ITC RAW DATA 2 No problems
ite 11/9/91 ITC RAW DATA 2 No problems
ite 13/9/91 ITC RAW DATA 3 No problems
ite 18/9/91 ITC RAW DATA 3 No problems
ite 24/9/91 ITC RAW DATA 3 No problems
ite 1/10/91 ITC RAW DATA 3 No problems
ite 8/10/91 ITC RAW DATA 4 No problems
ite 15/10/91 ITC RAW DATA 4 No problems
ite 22/10/91 ITC RAW DATA 4 No problems
ite 28/10/91 ITC RAW DATA 5 Daylight saving 
occurred on the night 
of 26/10/91. The time 
on the datalogger is 1 
hour behind real time.
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2 .) OUTSIDE DATA
NAME OF FILE ON DISK COMMENTS
solar 9/8/91 SOLAR RAW DATA 1 No wind speed and 
direction data
solar 13/8/91 SOLAR RAW DATA 1 Temperature data 
incorrect
solar 16/8/91 SOLAR RAW DATA 1 Temperature data 
incorrect
solar 20/8/91 SOLAR RAW DATA 1 Temperature data 
incorrect
solar 22/8/91 SOLAR RAW DATA 1 Datalogger earthed
solar 26/8/91 SOLAR RAW DATA 1 No problems
solar 30/8/91 SOLAR RAW DATA 2 No problems
solar 3/9/91 SOLAR RAW DATA 2 No problems
solar 6/9/91 SOLAR RAW DATA 2 No problems
solar 11/9/91 SOLAR RAW DATA 2 No problems
solar 13/9/91 SOLAR RAW DATA 2 No problems
solar 18/9/91 SOLAR RAW DATA 3 No problems
solar 24/9/91 SOLAR RAW DATA 3 No problems
solar 1/10/91 SOLAR RAW DATA 3 No problems
solar 8/10/91 SOLAR RAW DATA 3 No problems
solar 15/10/91 SOLAR RAW DATA 3 No problems
solar 22/10/91 SOLAR RAW DATA 4 No problems
solar 28/10/91 SOLAR RAW DATA 4 Daylight saving, time 
on the datalogger is 
one hour behind.
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»st Ryde 2114 
one: 807 6026
